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INAUGURAL ADDRESS. 

By AETHUK EIGG, 



By favour of the Council of our Society and by your unanimous 
votes, it is my first pleasant duty this evening to express my 
gratefal thanka to many friends around for my election as 
your President. Let me assure you that I feel deeply tlia 
honour thus conferred upou me, and you may be certain that 
it will be my constant endeavour to advance our mutual in- 
terests in the first place ; and as far as possible to extend tlie 
usefuiuesa and influence of the Society of Engineers. 

In past years your Presidents have enjoyed most hearty 
co-operation from every member of the Council in their mutual 
wort, nor have they ever sought in vain for their advice or 
assistance on occasions when such aid was most needed ; and 
from my tolerably long experience of many Council meetings 
and not a few Presidents, it is easy to foretell the future from 
that which has invariably happened in the past. 

But not from the Council alone does the advantage of co- 
operation arise, for there is no Member or Associate who cannot 
assist the advancement of our interests; nor, indeed, does any 
visitor to our meetings or excursions go away without in some 
degree aiding the objects all of us have in view. 

i hope, therefore, nay, am sure, that you will extend to me 
the same kind consideration that for so many years has enabled 
our Society to carry on its work so smoothly and so well : and 
in pursuance of this end may I beg that any Member or Visitor 
who can find time and inclination to write even a short paper, 
win not fail to give us all the advantage of listening to his 
views. It ia not necessary to bring forward great discoveries, 
for often an enduring interest may attacli to the accurate record 
of observed facts, noting how they may modify or even wholly 
3 the popular half-knowledge we call " theory," 



One of the leading scientific men in the United States has ' 



truly said that " thee 



e the only lights hy which v 



;heones £ 
penetrate the obscurity of the unknown, and they are to be 
valued just so far as they illumine our path. This ability to 
lead investigation is the only true test of any theory." 

But it is to the intelligent practical observer familiar with 
effects, but often ignorant of their cause, that the theorist is 
bound to refer for testing the correctness of his ideas. Such an 
observer should notice where theories fail, and may for hia ■ 
comfort remember what has justly been remarked by a great'S 
theorist, and one of the first of living discoverers, that " anomalies ■ 
may be regarded as the finger-posts of scientific research, 1 
pointing to the byways which lead to further discoveries"; and 
that " the more rigidly we scrutinise our received theories, and 
the more frankly we admit their shortcomings, the greater will 
be our ultimate reward. In the practical world," he sayB, 
" fortunes have been realised from the careful examination of 
what has been ignorantly thrown aside as refuse ; no less in the 
sphere of science are reputations to be made by the patient 
investigation of anomalies." 

Bearing this in mind, and remembering that engineering has 
grown from the construction of roads and canals, fixim the 
reclamation of land, or the formation of harbours, to embrace 
the highest walks of science : and that its researches extend 
from the constitution of matter at one end of the scale of 
creation, to the dynamical relations of the heavenly bodies at 
the other end ; who shall say that there can ever be a lack of 
subjects to interest a Society like our own ? 

But let us turn aside for awhile from these interesting topics, 
to remember that more than thirty-one millions of seconds have 
passed over our heads since we listened to the most interesting 
address of my immediate predecessor in this chair: and, 
although the progress of science he so ably spread before our 
view has advanced with increasing rapidity, yet during the 
year that has gone, the hand of the destroyer has been busy in 
our midst — cutting down impartially the rich and the noble, 
the man of science, and the unlettered boor. 

The parent and head of all scientific associations is theEoyal 
Society of England. Once it was the only associated exponent 
of ideas now published by many learned Societies, and in re- 
minding you of the death of its accomplished and courteous 
■nt, Mr. William Spottiswoode, we have not only lost a 
rare scientific attainments, but one who illustrated a 
riy Enghsh class, namely, the wealthy man of business 
.g money and time to the advancement of pure science. 
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We mnst nest remember the losa of our esteemed Honorary 
Member, Sir William Siemens, whose unexpected death occurred 
in November last. Many now present will call to mind the 
kindness with which he showed our Society over hia extensive 
telegraph works in 1879, and then entertained us on board the 
magaificent telegraph steamer, the Faradat/, where the cable 
between Brest and New York was bein" packed. 

Tliere have been many men of purely scientific attainments 
among us, and many practical engineers, and men of business 
japtitude, too, who are neither engineers nor men of science ; 
lutthe late Sir William Siemens combined the three qualifica- 
ions in a singularly high degree. He has been called an 
inventor," but are not nia contrivances better described as 
the Bucceasfiil application of a sound judgment to the necessities 
of a manufacture, rather than an unreasoning inspiration like in- 
ventive genius? What could be more sensible than to copy the 
aetloQ of the lung passages in his regenerative furnace, or what 
more simple than the mixing of cast iron and hfematite ore to 
produce steel ? and yet one idea comes from the perfect works 
of nature, and tlie other follows on the lines of Sir Henry 
iBessemer's splendid discovery — one appreciably extends the 
■ '.uration of our coal supply, and the other has revolutionised 
iron trade of all countries. Too often science is blamed as 
hard imfeeling mistress, who gives no rewards to her votaries; 
id our late distinguished Honorary Member has done one 
longst his many services, in taking away some of this reproach 
;pon her glorious name. 
It will be well to mention in this place that we are greatly 
idebted to Lady Siemens for having sent a very handsome 
illection of Scientific and Engineering Books as an addition 
onr library, and as a memento of her late husband's connec- 
ion with the Society of Engineers. 
We have also to clironicle the death of Mr. Joseph Westwood, 
lead of the firm of Westwood, Baillie and Co., of Millwall ; and 
if Mr. W. Eumble, Engineer of the Vauxhall and Southwark 
"aterworka Company, both Life Membera 
One other name should not be omitted from this list, although 
bearer of itwa'§ not a member of onr Society, — I mean the 
kte Earl Grosvenor, eldest son and heir to the Duke of West- 
linster, who died after a few days' illness at the close of last 
month. 

From his earliest childhood he took the deepest interest in 
matters relating to engineering, and, while residing at Calveley, 
vas constantly to be found in the railway works at Crewe, 
risiting neighbouring mills, or on locomotives running between 
'lat station and Chester. Taking little interest in politics or 
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lie affairs, the deceased nobleman was never so happy as 
when interested in his favourite mechanical pursuits. 

Meeting here in Westminster, the metropolis of English 
engineering, we cannot withhold an expression of sympathy 
with tiie loss of one, who was essentially a mechanical engineer 
in everything but name. 

This is the thirtieth year of the exist<ince of our Society, 
and we have no reason to complain of its want of activity, of 
its financial position, or of its general progress. Since our 
corresponding meeting in 1883, there have been added thirty- 
one new members to our roll ; and we have made a great 
improvement in the accommodation for our meetings. This 
beautiful Hall is in every way most admirably adapted for the 
purpose, and those who recollect out last meeting in December, 
when every seat was occupied, and hardly standing room could 
be obtained, will appreciate the improvement ; and, for a great 
wonder, the problem of good ventilation seems to have 
engaged the attention of the architect, with sufBcient success 
to render desirable further attention on a subject so generally 



Many papers possessing considerable interest have been read 
during our last year's meetings ; and as these will appear in the 
Transactions, it is only necessaiy now to allude to those which 
have gained premiums for their authors. 

Mr. Bower brought before us an interesting example of 
synthetical chemistry, in his paper on the " Bower-Barfl' Process 
for Preserving and Ornamenting the Surfaces of Iron and Steel." 
An observation was made by Dr. Percy, that Bussian sheet 
iron resists rusting where covered by a thin coating of magnetic 
oxide through some accidents in the process of its manufacture. 
Acting on this hint. Professor Bam succeeded in producing 
this Fe304 artificially, by subjecting iron to steam, anperheated 
to such a degree as to set paper alight, A similar result was 
produced by Mr. Bower and his son, after a weary series of 
experiments, by reducing common rust or the sesquioxide of 
iron FcaOa into the hard black glaze of magnetic oxide. 

Both of tbese inventions are now worked under one manage- 
ment, and seem to have originated a new industry wbich 
admits of considerable expansion. 

They also form an admirable illustration of the value of 

"T^ntly trifling observations, and serve to show tliat if in a 

ion on any paper, any Member brings forward a seemingly 

leant circumstance that has fallen under bis notice, it 




may become a seed destined to deTelop into an important 
plant. 

Another premium was awarded to Mr. Chris Anderson of 
Leeds, for a paper describing his ingenious proposals for the 
coDBtrnction and establishment of deep-sea liglithonses as mid- 
ocean stations, for meteorological observations on travelling 
storms, and to forward intelJigence of passing vessels, 

Mr. Hamilton W. Pendred gave us a paper on " Designs, 
Specifications, and Inspection of Ironwork." The author pointed 
ont how it sometimes happened that unpractical or impracti- 
cable directions were given to contractors by those who drew 
out specifications, and were unfamiliar with the necessities of 
manufacturing requirements. Illustrations, taken from wroiight- 
iron girder work, were given in support of these views, with 
practical suggestions for the removal of such anomalies. 



I The interesting visits of the season when no papers are 
being read, have taken place as usual at the close of the last 
session ; and we visited in succession the Great Western 
Eailway Works at Swindon on the 27th June; the Thames 
Ironworks and G-as-Light and Coke Company's Works at 
Eeckton, on the 18th July ; and the Locomotive Works of the 
London, Brighton and South Coast Eailway Company at 
Brighton, on the 23rd August At all these places there were 
nomerous siibjecta of great interest to mechanical engineers ; 
1^^^ and we owe many thanks to the gentlemen who met us at 
^^^Lthe diGTerent works, and so kindly explained the things which 
^^^Hthey had to show. 

^^^V But among the visits paid during the past year, an excep- 
^^^ tional novelty attaches to the few days spent at Nottingham 
by members of our Council. 

Through the kind invitation of Mr. Tarbotton, the consulting 

^^^^^d water Engineer, we had an opportunity of seeing the new 

^^^Hnraterworks of that enterprising town, in their then interesting 

^^^^Ksd instructive state of construction. Afterwards we inspected 

^^^^khe old waterworks, and were most hospitably entertained in 

^^^^he handsome engine room by the Mayor. The new gasworks 

^^^^Bext claimed our notice, and, when finii^hed, they will contain 

^^^Hyie largest single retort house which has hitherto been built, 

^^^^with every appliance also for a, first-class modem establishment. 

After an expedition on the succeeding day to the Weat- 

wood Collieries, where an opportunity was given for seeing 

coal-getting on the long-wall system, we were shown over Sir 

James Oldknow's lace mill, with the work carried on therein, 

which was about the greatest possible contrast to a coal pit 

and its surroundings. 
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In the manufacture of lace, there are patterns designed by 
an artist and then translated into a number of Jacquard 
perforated cards, and these again direct the manipnlation of 
each thread of a delicate loom, and interpret the design into 
its original idea ; but worked out in lace instead of on paper. 
Nothing could exceed the welcome extended towards ns by 
all whom we met, aud an accidental reunion with members of 
the Chesterfield and Derbyshire Institute of Mining and 
Mechanical Engineers, gave tbem an opportunity for the 
graceful compliment of inviling our President, in the absence 
of theirs, to take tlie chair at the dinner of both societies. 

All these meetings are of extreme interest : tliey are 
carried out by many Bocieties, and prove of great advantage 
as well in educational as in social value. 

In some degree, meetings with our fellow engineers take 
the place of guilds or trades-unions which have existed from very 
early times ; and they keep the members of different societies 
acquainted with the work of others, and lead to a personal 
interest, which may perhaps eventually workout into a common 
brotherhood among engineers, akin to that which our good 
friends the masons so admirably display among themselves. 

Such interest will advanceani extend, to include not only our 
countrymen, scattered abroad into many lands, but also those 
inany distinguished foreigners who vie with ourselves in bringing 
the ample powers of nature into subjection to our use and gain. 

If we glance abroad, there is much to interest, to copy, and 
admire ; but our deepest concern must always be with those 
of our own race or nation in America, Australia, or India, 
whose undertakings are on so magnificent a scale. 

The exchange of published Transactions keeps us acquainted 
with those lines of investigation pursued by foreign engineers ; 
but of late years India is of all countries the one which calls 
for the greatest interest on the part of engineers in England, 

Our colonies will doubtless in the future become more and 

more independent of the mother-country, and will, like 

America, educate their own engineers ; but such a condition 

is not likely to prevail in India, at any rate for very many years 

I to come. Hence there will be a constant, and, we will hope, 

I an increasing demand for English engineers in that country, 

I and all things concerning their progress and welfare must be 

I matters of deep interest to us. 

\ Until within a comparatively recent period, all civil, as well 
[ as all military engineering was carried out by that distinguished 
I body of toBQ, the Royal Engineers ; and even now their 
' py the highest administrative posts. 
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From many schools, from engineers' ofGces, and from the 
■eat college at Cooper's Hill, umnbers of young men have 
len drafted into India, of late years to do work which was 
formerly required by Government from officers of the Eoyal 
Engineer Corps, whose studies had been more particularly 
directed to military and not civil engineering. 

The innovation does not always seem to have worked 
smoothly, for the new-comers consider it hard that while doing 
similar work, they should not he treated in regard to pay and 
podtion exactly as the Royal Engineers. 

Eat in many cases, much as one must si'mpathiee with their 

feeL'ngs, the difference as to pay is simply oue of contract ; 

and when the employment of civil engiueers has grown from 

an experiment into a permanent system, there is every 

reason to hope that future engineers will be able to make 

better terms with the Government employing them. All 

engineers are members of one service, and though it has two 

iches, military and civil, yet in a dependency like India, 

i can dispute the advantage of military men having a 

impetent knowledge of civil engiueering, nor of cutI 

igineera possessing some acquaintance with defensive works, 

;c., nor may we blame the responsible Government for moving 

lowly in changing any of its established systems. 

Quite until recent years, the various services in India have 

been recruited from men who had the education of the old 

English school, men of coltivated tastes, and whose habit of 

lind and general ideas enabled them to mis at no disadvantage 

ith the polite and ceremonious members of that ancient, 

istocratic civilisation. 

None are keener-witted than the natives of India, in appre- 

iting and respecting that " indescribable mixture of elevation 

>i mind, correctness of taste, self-control, and decision of 

'laracter," which constitutes the gentleman; hut, by some 

sople, reports have been set on foot against the new civil 

igineers, that in too large a proi>ortion this description is not 

fficientJy exact, and it would be most unfortunate if any 

leh statements could be substantiated. OlBcers in the army, 

id members of other professions, are collected in schools or 

Ueges, and being associated with their equals, never lose the 

me of society in which they move ; but engineers labour 

iuider a great disadvantage in this respect. Isolated during 

their training in practical work, they are brought into direct 

and intimate contact with a class of artisans into whose 

companionship their most injudicious friends would hardly send 

"lem to learn good manners. 

It is lyirdly a matter of surprise that some yoimg men 
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anlearn for awhile their earlier cultivation, and go abroad 
imbaed with that uffeueive dogmatism which is a sure sign of 
ignorance and a narrowed mind. 

Competitive examination too has not yet proved an im- 
qnalified success ; thongh it has opened a door of easy 
advancement into positions which formerly required higher 
qualifications than an overloaded brain. Hence it must not 
be supposed that any young man who gets on by making a good 
use of the abilities with which he ia endowed, can afford to 
ignore the feelings, or even offend the prejudices of those into 
whose society he may rise, or whom circumstances may bring 
under his control. 

It is a good thing to reflect upon a favourite maxim of 
the illuatrious Smeaton, "that the abilities of the individaal 
are a debt dne to the common stock of public happineaa 
and accommodation," and to remember, as lie never failed 
to do, that the faithful discharge of so invaluable a trust 
will give to the engineer a position which none can ever 
take away. 

We should all rejoice to learn that the civil engineers in the 
department of public works in India had induced the Govern- 
ment to improve the terms of their engagement, for it is 
monstrous that such a cause of jealousy should be allowed to 
exist between them and any branch of that gallant army 
through whose hold of India alone it is, that opportunity is 
given for the employment of Eoglish civil engineers there 
at all. 

Each department has its own peculiar duties ; and officers of 
the Royal Engineer Corps, while supreme in military matters 
in times of peace, and supreme in all in times of war, yet 
have no claim to superior knowledge of the details of civil 
engineering. 

Nor have we any standing for adverse criticism of the well- 
considered conclusions of military officers — whether they object 
to a road or railway in a subject country, or point out the 
dangers arising fi'om a Channel tuimel in out own. 

During the past year a series of lectures have been com- 
menced by our Society upon engineering subjects, and the 
sciences related thereto ; and it is a matter of such great im- 
portance that instruction should be thorough and practically 
useful, that a few remarks upon it may not be out of place at j 
the present time. ' 

These lectures were never intended to be of the same class as 
tho^e delivered at the Institution of Civil Engineers by dis- 
tinguished leaders of scientific thought. The Council of that 
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great patent of engineering societies througbout the world 
expressly announced tliat their lectures were not designed as 
courses of instructioD, but delivered to enable their members 
and students to know at first hand the march of scientific dis- 
covery. Those wbo enjoyed the privilege of listening to these 
lectures, will be well aware how admirably this intention was 
fulfilled. 

Our lectures, on the contrary, are expressly given as short 
educational courses in complete series ; and though there may be 
a great fascination in listening to the addresses of those familiar 
with the bigher walks of science, yet it is unwise to pass over 
the paramount necessity for a good elementary knowledge as 
a foundation leading to a thorough understanding and appre- 
ciation of what we hear. 

At the present time a course of lectures is being given in 
the Hall of our Society on Electrical Engineering; and in 
February a course of eight lectures will be given by Mr. J. W. 
Wilson on the important subject of Greneral Engineering CJon- 
stiuctiou, which we hope may be largely attended, for we may 
almost venture to say that there is no branch of mechanical 
engineering better worth cultivating than a knowledge or art of 
designing machinery. 

Modem engineering is the youngest of our sciences. Such 
works as the great roads and bridges of Telford, the harbours 
of Smeaton, and the eoustructive details of canals and railways 
belong more properly to that branch of civil engineering 
nearest akin to architecture, and they have been undertaken by 
civilised nations in all historic times. 

So long as the powers of wind and water alone were avail- 
able for manufacturing purposes, the uncertainty and variability 
of the one, and generally local inconvenience in the other, 
rendered manufactures on an extensive scale impossible, and 
crippled any development of that branch of engineering which 
deals with motion and the application of power. 

Necessity led to the invention of tools in the earliest ages, 
and considerable practical sliili must have been acquired in tlieir 
use by rude tribes whose stone or bronze implements are their 
only history. Even now, if we travel among the fast dis- 
appearing races which inhabit those enchanting islands which 
adorn the desolate Pacific, or if we become acquainted with an 
ancient civilised race, driven ages ago into the inhospitable 
north, we find implements and tools bearing a wonderful 
analogy to those portrayed in Egyptian tombs, or used by 
country millwrights of the present day. 

From rudo axes of stone we can trace tools through y 
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stages of development to the splendid machinery of modern 
times. The materials used in their cutting edges have run 
through a series iJom stone to bronze, from iron to steel, and 
even to the diamond itself; while in the means for holding 
such tools, wood has given way to iron or steel. 

In this great chain of progress, lasting through uncounted 
centuries, there are gaps required to show how one tool may 
have gradually grown into another; but these gaps might, 
perhaps, be filled by diligent search. We even discover a 
tendency of recurrence to forgotten types, or details of con- 
struction, now as useless as the undeveloped leg bones of a 
whale ; and in fact the great laws of development and natiiral 
selection are just as applicable to mechanical contrivances as to 
the growth of an animal or species. 

All we need to do in order that the analogy shall be identical 
and the comparisons complete is to doubt the credibility of 
men's interference, and to aBsume that tools chose for them- 
selves higher organisations, and that their existing preference 
for steel over stone is simply the effect of inevitable law, and 
thus the whole chain of reasoning becomes nothing else than 
one more convincing proof that all things evolve themselves ! 

Limits imposed by human or animal strength kept down the 
dimensions of ancient tools, and, as we all know, it was the 
invention and general use of steam power which has given an 
incalculable impetus to modern engineering. This has raised 
it from being a mere handicraft to an employment for the 
educated classes, and revealed its claims as a science worthy 
of the most enlightened intellects of our time. 

This new power has increased the dimensions of machines, and 
60 enlarged the scope of mechanical engineering that a neces- 
sity has grown for better educational appliances for teaching 
the fundamental laws of matter and motion, and for instructing 
the engineer in those co-related sciences which must now be 
used for his advancement in life. There has thus arisen a 
strenuous, and in some cases a rather intemperate advocacy for 
an all-prevailing system of technical, apparently to the exclusion 
of every other kind of education. 

Prom the very dawn of authentic history we find accounts of 
workers in timber or stone ; in the baser metals, or gold ; but 
these artisans guarded the secrets of their crafts with a 
jealous care, imparting them only to a limited number of 
apprentices. 

Gradually, the formation of guilds took place, apparently as 
X to prevent a general knowledge of their trade, as to 
■e its continuance. In thus guarding against what they 
lered a too liberal extension of useful knowledge, they 



DTADGUEAI. ADDKBB8 05" THE PBB8IDBST. 



11 



^ 



h&ve been succeeded by trades unions, so dear to the working- 
men of our times ; and it seems not a little remarkable that 
the City of London G-uilds, the inheritors of traditions of more 
than oligarchal exclusiYeness, should be as anxious now to 
m&ke trade secreta generally known, as their predecessors were 
concerned to retain them in the possession of a few. 

And yet in reading history we do find scattered attempts 
to teach tmdes to outsiders, and one of the earliest seems to 
have been institnted by St. Basil the Great, Bishop of Ceesarfea, 
This most remarkable man was bom about a.d. 329; and, 
during the reign of the Eraperor Valens, he established a 
'complete town m the suburbs of Ctesanea, where there were 
workshops, in wiiicb " poor wayfarers," as they are quaintly 
called, might learn and practise various trades, under proper 
teachers. 

Coming to later times, we find that in the midst of his 
experiments on the nature of heat, and numberless scientific 
researches, the celebrated Count Rumford found time to organise, 
and carry out successfully, a trade school for the very lowest, 
claasea. He describes an appalling condition of aggressive 
pauperism as prevailing in Bavaria ; and it is most refreshing, in 
these days of so much sham philanthropy, to read the accounts 
of bis arrangements for its removal. On the let of January, 1790, 
every beggar in Munich was arrested, and quartered in spacious 
buildings which had been prepared. Here they were kept clean, 
well fed, and taught various trades. They made uniforms 
for the army, and such other work as was adapted to their 
powers; and the care of the distinguished engineer provided 
even for their amusements. Instead of pauperism, there pre- 
vailed contentment, and the indolent and vicious became in 
Bome degree industrious and reformed. 

Meanwhile, the poorer working classes were not overlooked : 
and the practical outcome of these most Judicious arrangements 
of benevolent despotism, was the extinction of pauperism where 
it had previously reigned supreme. 

Ancient workmen brought their handicrafts to great perfec- 
tion ; and the character of their masonry in Egypt, at Baalbec 
and throughout the East, and their productions in marble and 
InoDze, attest their skill, and compel our admiration. The 
carried on this work, without improving upon it; and 
ii^liiring the middle ages, intelligence came to the aid of manual 
1,1^111, and Cistercian monks brought architecture to a state 
■i^ high perfection, and scattered iheJr splendid cathedrals in 
aambers and in matchless beauty over many lands. Meanwhile 
chemistry and other sciences were greatly advanced through 
.■encourt^ement given by enlightened Mahomedan caliphs at 
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Bagdad and Cordova, and Arabian learning enriched Europe 
with an unequalled practical education. 

Tbe restless spirit of investigation pursued throughout 
Western Europe in secret by the alchemista, or in fear by the 
philosophers, may claim credit for advancing the progresB 
of science : while the experimental inquiries of Lord Bacon, 
Bobert Boyle, tlie Marqujs of Worcester, and a host of men of 
humbler name, not only cleared the path, hut also prepared the 
way for the truer study of science and for the modern engineer. 

But of technical education as now understood, we find little 
trace until times within living memory. 

Those who, like Archimedes of Syracuse, were the engineers 
of ancient history, esteemed little the practical applications of 
their genius, and preferred to deal with problems of piu'e 
geometry or alistract mathematics; sometimes wrapping up 
their conclusions in enigmas which only a later age has solved. 
So in modem times the mathematician and searcher into 
natural laws will too often disdain that kindly utilitarian spirit 
which would spend itself in doing most good to the greatest 
number. 

Fashion too, and ignorance often combine in jealous sneers 
against that tithe of their own mercenary spirit which would 
use superior knowledge for the advancement of its possessor, 
and the general effect tends to maintain a standard as lofty in 
seeming as it is false in fact, that genius is a gem too precious 
to wear, and that science becomes degraded the moment it is 
turned to practical account. 

This exalted standard has of late years happily yielded in 
some measure to coTnmon sense, but only after doing untold 
harm. It has not only impounded much of the richest treasure 
we possess, the inventive genius of our people, hut has influ- 
enced many, who have all the pride of intellect and none of 
its power, to look with contempt on hard-working ignorance, 
whose name may indeed perish with his days, but whose works 
are of far more value than discussions upon life in four dimen- 
sions, and whose experience of natural laws teaches him more 
than all the philosophy of aa Aristotle. 

In defence of a purely classical education it has been fairly 
urged that it forms an excellent training iu preparing the 
mind for furtlier developments in its culture, but, aa the 
classical school admits, a mathematical education ranks on 
equal terms. Surely, therefore, they cannot deny to an intimate 
acquaintance with modem science, the power of arriving at 
, a similar end, with the additional advantage that it b i 
of more interest and use through life than a cultivated 
for the composition of Latin verses. 
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There is, however, one point of view wliich forma an essential 
difference between the two schoolB, and is the best defence of 
olassical trainiug against that exaggerated spirit of utilitarianism 
which even goes so far aa to suggest the destruction of all the 
^rdens and parks of England for growing vegetables, and can 
see no beauty in a waterfall, but thinks only of the mills it 
might drive. 

If the older system of education did not teach, and did not 
profess to teach, that abundance of undigested knowledge which 
the misleading standards of modern competitive examinatioDs 
too often require, it did a better and a nobler thing, which the 
advocates of high-pressure education too often forget, or 
wilfully ignore. It never exhausted the immature undeveloped 
brain, but it taught the wisdom of ages past ; it exercised the 
pupil in the application of such knowledge as he could easily 
acquire, and left considerable scope for his originality. More- 
orer, it laid down the firm foundation of all the intellectual 
culture of our nation, and produced a race of men of rare sagacity 
and high administrative talents — men competent to build up the 
. splendid empire we inherit, and whom any country might well 
be proud to own among its sons. 

Even from the restricted point of view as to what should 
conBtitute the best education for an engineer, considering that 
it may fall to his lot to rule more men than the armies of many 
a famous kingdom, and all unaided and alone grapple with 
difBculties, material and political, innumerable, none can deny 
that a study of the qualities displayed in Xenophon's ' Retreat of 
the Ten Thousand' will be to him of more value than a very 
intimate acquaintance with the differential calculus. And 
time spent in learning modern languages, enabling him to read 
the invaluable works of French and German engineers, is much 
B Iwtter employed than the cultivation of such an amount of mere 
lilnechanical skill as would beat a fitter at his own trade. 

Both the classical and the mechanical school of education 
ll'haTe their good points; but no mere technical training can 
Lpossibly place a man in such an exalted intellectual positiou'as 
E'&e classical system has done. There are men whose destiny it is 
k to be the mechanical workers, and they must make technical 
I education paramount, and intellectual culture can only be to 
rthem a refining luxury, to which their leism-e may well be 
r devoted : and other men whose natural gifts render them 
[ leaders rather than workera, can devote more time to brain work 
I wid less to trade. In either case, technical knowledge is of 
I great valae, but its amount may well vary in their training. 
[ The great end and aim of education should never he, as too 
\ often found, the cramming with mere knowledge, but rather 
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the cultivation of the power of applying knowledge, for that is 
true wisdom indeed. 

These things are becoming better understood, and now that 
the cultivated classes have ceased to look upon the dirt and 
drudgery of mechanical toil as eomething degrading, and that 
scientiSc attainments are becoming fashionable, it is to be 
hoped that the blending of the older and the modem system 
which has been progressing in a tentative manner in our 
universities and great public schools, may grow and flourish, 
and that mechanical knowledge may more generally abound. 

It might be interesting to pursue this aspect of the subject 
further, but time would fail, and your patience grow weary, aad 
it will be more profitable to notice the course and progress 
of technical education during the past forty years, more par- 
ticularly in its engineering aspect. 

In history it is found that those nations most active and 
successful ill war turn witli greatest ardour to the pursuits of 
peace; and after the great Euixipean struggle which terminated 
with the exile of the first Napoleon, England, released irom 
her absorbing care in those great events, commenced a deyelop- 
ment of her trade and resources which soon left her without a 
rival. The times were most auspicious. A young Queen sat 
on the throne of these kingdoms, whom Heaven in its goodness 
still preserves to reign over our favoured land ; and with her 
Consort, a man of sound common sense and a deep student of 
political economy, her Majesty devoted untiring attention to 
everything that could encourage the development of all the 
resources of her wide dominions. 

To aecoud such enlightened views prevailing in the highest 
quarters, there was a people whose aggressive instincts had been 
diverted from the prosecution of a tremendous war to the 
pursuits of peace. Free from national anxieties, while honoured 
and respected throughout the world, it became a matter for no 
astonishment that trade of every kind increased with surprising 
rapidity, and the prosperity of our nation seemed to attain the 
zenith of its most ambitious hopes. The researches of scientitic 
inquirers were abundantly rewarded by nature unfolding her 
choiL'est secrets to their ardent gaze. Literature and art also 
flourished in the wake of successful trade, and it seemed as if 
an era of peace and prosperity was dawning on the world. 

No proof is now necessary that a very different condition 
of things prevails at the present time ; for, instead of peace, 
we hear more of war ; and instead of prosperity, all the music 
of the land is in the minor key. There is disquiet abroad, 
and discontent at home ; and even our real riches and pros- 
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perity are made a cause of croaking and despontiency by 
weak iiQinaniy spirits amon^ us, men immeasurably inferior 
to those who laid the foundations and reared the iabric of our 
conntry's greatness. 

Following the example and profiting by the experience 
of England, other nations endeavoured, saceessfiiUy, to enlarge 
the boundaries of their trade ; not, however, in the fearless 
open-handed way in which England did not disdain to exhibit 
even her processes of manufacture, in the Great Exhibition of 
1851, but in a mean and timid escluaiveness, eliaracteristic of 
conscious weakness — afraid to let mannfacturea stand on their 
own merits with those of otlier countries ; and taxing their 
own countrymen to prop up a system wliich could not stand 
without Bucb adventitious aid. 

In Germany, along with prohibitive tariffs, a somewhat 
different course was adopted, even when that great empire was 
divided into many small principalities, in uneasy antaconism 
among themselves. These Governments devised and carried 
out very thorough systems of education, and sent their journey- 
men apprentices to extend their travels beyond the confines of 
their own country. These young men came in great numbers 
to England, and being subsidised by their own Governments, 
they were able to work for less wa^es than our own people 
required, and being also docile and intelligent, they reailily 
secured positions which gave them a thorough insight into the 
metbods by which our trade was carried on. This experience 
enabled them, on returning home, or setting up on their own 
account, to reap great advantages from their English appren- 
ticeship. Tbeir education also gave them a better start than 
English .youths of corresponding age ; and the practical outcome 
of the competition we have had to meet from otlier countries haa 
been, to draw particular attention to the education of those who 
are to be engaged in trades in our own country, compelling 
118 to neglect no longer the warning voices of those who foresaw 
and endeavoured to supply a better system of technical educa- 
tion many years ago. 

Indeed, so great has been the reaction, that many timid 
people nowadays are inconsiderately rushing to the somewhat 
absurd conclusion, that all our former plans by which England 
became so prosperous must have been wrong, and all we can 
do now is to admire and slavishly imitate a system which answers 
well enough in Germany, but is not necessarily adapted to a 
people like our own, of very different temperament. Kather 
ought we to choose good points out of the Continental svstems, 
and engraft them upon the well-proved standard which educated 
oar forefathers so wisely and so well. We should also remember 
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the bom inBtinct for eDgineering purauitK which prevails 
amongat the English race, more than among any other on 
the glohe; and take care to cultivate the originality, and 
guide the inventive genius of our people, rather than adopt 
a hard, unyielding, semi-military educational system, destruc- 
tive of both. 

The northern parts of England have for many generations 
been the chief seats of its manufacturing industries, and 
Lancashire is the county moat keenly alive to the intereats of 
trade; and in native talent probably the most intelligent of 
all. It has been well said that " where Lancaahire leads to-day, 
England foUowa to-morrow," and in the matter of education 
this particular county has been in nowise behindhand. 

The rapid pregresa in prosperity which marked the first 
period of the Victorian age from 1837 to 1851 affected 
Lancashire first of all, and led to the expression of a very 
general wish for a better system of education. The then 
leaders of society in that aristocratic county admirably 
fulfilled their duty ; and following the old ti^aditions that the 
Church has always been the great educator of the people, an 
imposing meeting was organiaed and held at Chester, under 
the presidency of the bishop of that great diocese, which 
then included Lancashire in its boundaries. 

This meeting took place on the 25tb January, 1839. It 
included the leading men of Cheshire and Lancashire, and 
its main object was moat clearly set forth in a speech made by 
the late Earl of Derby, then Lord Stanley. He said that 
" between the higher and the lower classes there is a great gap to 
be filled up. There ia a demand for an improving scientific 
education among the middle claaaes according to the march of 
science." 

In consequence of this meeting, and following upon such 
important statements from one of the first classical scholars of 
his day, a deep interest was aroused in the two counties, and 
subscriptions flowed in abundantly to provide the means for 
a comprehensive scheme of education. The work was com- 
menced at once, and my lale father, the Hev. Arthur Rigg, 
was appointed to arrange and carry out its details. 

The College at Chester was opened in the year 1842, and 
my father received its keys from the hands of the present 
Prime Minister, who in his green old age remains the last 
survivor of that band of eminent men who gave the great 
impetus to practical education more than forty years ago. 
The schools were continued and gradually developed " with such 
an ar ' useful practical knowledge as may qualify the boys 

in a degree for agricultural and commercial employ- 
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[menta," In 1843 the Diocesan Report states that "many 
articles of furniture had been made by the boya in the intervals 
between their Bchool hours," and the evidence of neighbouring 
manufacturera gave encouragement to the system of education, 
as they stated with considerable acumen, that if a knowledfie 
of the combinations of machinery were taught in those 
diatricta, a very important lesson would be taken towards 
raising the moral and intellectnal character of our artisans. 

Many diBferent trades were practiaed at the college, and 
again and again did Her Majesty's Inapectors testify that the 
knowledge gained in these workshops was more valuable than 
any other, and that (in 1850) they knew of no other place where 
such instruction could be gained. 

In 1851, the tendency of the school towards the teaching of 

mechanical engineering became more pronounced: Mr. E. A. 

Davidson, the first science teacher educated by the Department 

of Science and Art, had taken charge of the instruction in 

geometrical drawing and orthographic projection, not only in 

Chester, but in the great works of the London and North 

Weatem Railway Company at Crewe. The workshops and 

laboratory were enlarged, and chemistry under the care of 

Professor Crookes (now F.R.S.}, with other sciences, received 

their due share of attention. In 1862, a demand for engineers 

I in India had arisen, and certificates of residence at the College, 

liOhester, were "accepted by the Secretary of State for India 

klVom candidates for appointments, as if they had passed an equal 

|itime under a civil, mechanical, raining, or telegraph engineer," 

jnd large numbers of engineers now scattered over many lands 

fjeceived their education there. 

When its founder retired in 1869, after the arduoua labours 
r of thirty years, this, the first engineering school in England, 
I ceased to exiat ; and the only memento of his work now to be 
rfleen at Chester is an admirable marble medallion, which was 

■ erected last year in the college chapel by numbers of his 
f ibrmer engineering pupila, 

I The novel and unique educational system thus carried on at 
fe(^ester caused the achool to be visited by numerous Engliah- 
taen and foreigners interested in the subject. It thus served 
Jffl a pattern and encouragement for others, and things have 
Iaow reached such a pass, that now there is hardly a school 
Wtor boys or girls of the smallest pretensions that does not teach 
f Bcience of some sort. 

Nnmerous schools now exist in London and in the provinces, 

■ where admirable instruction is given in the principles and 
l^actice of engineering, both civil and mechanical. At King's 
f College in the Strand, University College in Gower Street, 
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at the Crystal Palace, and in tlio Technical Schools in the City 
of London, there are classes devoted totheae subjects ; while in 
the provinces at Owens College, Manchester, the Hartley 
Institute, Southampton, and the Corporation College at Not- 
tingham, and other places, technical education ia carried out : so 
that the younger generation of Englishmen cannot fall short of 
those advantages which may possibly have been one of the 
reasons that have enabled foreigners t-o run them so close. For 
an exclusively engineering education the chief place must be 
assigned to the College at Cooper's Hill, now opened for the 
education of all engineers, not specially of those destined for 
India. 

With schools BO numerous and so good, some might be 
disposed to think that the older system of apprenticeship to 
engineers has become unnecessary : but no error could be more 
damaging to its victim ; for do what you will, a school can 
never supply the experience necessary for practical life. Where 
indeed is such experience to come from ? Not from the pupils 
or students, for they are often ignorant of the art of learning ! 
Neither are books fit instructors for the many-sided require- 
ments of ordinary life ; and, however clever the professors, it ia 
physically impossible for one among many to teach them 
as much as they will learn when they occupy a corresponding 
position scattered and isolated among others. The conclusion 
we are forced to come to is, that no final training can ever be so 
good as carrying out works under the guidance of an engineer 
engaged in the ordinary afiairs of his profession, A school is a 
world in miniature, and so far as a child resembles a man, the 
comparison is just ; but it must not be carried further, and the 
best that any school can do is thoroughly to ground its pupils in 
general principles, and give them au insight into the ^best 
methods of their application. 

An engineer has to administer the perfect laws of nature, 
and although these are described in textrbooks as unchanging 
and unchangeable, yet so hard and fast a condition of things 
is very far removed from what actually prevails. AU these 
laws are subject to modification by external influences, and 
no mathematician can calculate, nor can any array of figures 
convey to the mind, their infinite variety. 

If, for example, we take a law so definite and absolute in its 
dominion as the attraction of gravity, a law which affects the 
limitless boundaries of eternal space, equally with the irresistible 
attraction, revealed by no microscope, which holds together what 
we call the atoms of solids, we soon find that there are other 
laws equally universal, which may override the attractions of 
gravity. 
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Centrifugal force, heat, and chemical affinity alike limit its 
KKstent, and a clear insight into all natural laws reveals bow 
gKfiy it is for us to regulate material things exactly as our 
parying needs require, without in the least denj'ing their 
rpotency or ciirfailing their universal sway. 

The architect and civil engineer need only consider the 
statical properties of immovable bodies, while tne studies of a 
mechanical engineer must include the whole range of their 
dynamical relationships. These greatly modify his methods 
and practice, and may indeed be regarded as placing him on a 
higher standing from a scientific point of view. 

Then again, intruding into the domain of matter and motion, 
chemistry enters more largely than formerly into the education 
of an eogineer, and there is no other science to which he is 
more deeply indebted. 

If we consider the few elementary substances with which an 
__igineer has to deal, they are found beyond all others endowed 
with the moat unexpected and even contradictory qualities. 
These elements are four in number — oxygen, hydrogen, carbon, 
and iron ; and without trespassing into pure chemistry, or 
wearying your patience with what is after all an adjunct of 
eogineering, I think we may briefly consider what are some 
aspects of those substances so important to an engineer, and 
what some of their peculiarities. 

Oxygen, the main support of life, while also one cause of its 
decay and ultimate destruction, combines with every other sub- 
stance, and may be called the haven of rest, or indeed the 
" Nirvana " of all material things. The comparatively small 
amount free in our atmosphere, ia the residue from those im- 
posing conflagrations which ushered in the present order of 
things, together with what has been rescued from its com- 
binations by the strangely mysterious power of sunlight. 

With nitrogen, itself the most inert of gases, and oddfy 
enough, the essential ingredient of explosive compounds, oxygen 
forms the moat corrosive of acids, while in combination with 
hydrogen it ia the purest and most useful substance we know. 
In its higher allotropic form of ozone, chemistry itself seems 
bafBed in assigning limits to its protean character. 

In water we have a marvellous and most unlooked-for 
development of powers and qualities of which not a trace can be 
found in either of the gases of which it is composed. A liquid 
unique amongst all others, possessing the highest known specific 
heat, and familiar to us in three conditions, it becomes the most 
convenient means for transmitting heat and utilising the 
chemical energies taken from the atmosphere countless ages 

c 2 
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r present use in the most 
perlect of " storage batteries." 

If we notice, in passinir, the combinations of hydrogen and 
carbon, it is only to remark how the engineer who 13 concerned 
with gas-works must devote great care and attention to their 
study, and how of late years his colleague the chemist has 
positiyely made the bye-products of gas-making a source of 
greater profit than the hydro-carbons with which our streets and 
dwellings are illuminated at night. 

Carbon is perhaps, without any exception whatever, the most 
wonderful substance of which we posaess any knowledge. At 
once the most permanent of all things, and the one which un- 
changed endures the most intense heat we can produce — that 
of the electric arc — this substance combines so easily with 
oxygen as to be readily burnt in our fires, and thus to it we 
owe most of what renders life supportable. And yet its 
affinities are so admirably adjusted, tnat during the combina- 
tion of a hydro-carbon with oxygen, as may be readily seen in 
an ordinary candle flame, the hydrogen is first consumed, 
and raises the carbon to such a temperature that its solid 
unchanged particles illuminate the feeble glow of the hydrogen 
flames before they themselves are changed into an invisible 
harmless gas. 

In blast furnaces this singular adjustment in the affinity of 
carbon for oxygen at different temperatures is made to play an 
important part. Those metallic oxides which are the chief 
ores of iron are reduced by the superior attraction which carbon 
possesses for oxygen at high temperatures; and if the pure 
metal so extracted be again exposed to atmospheric influences, 
we witness the curious phenomenon of its recombination with 
oxygen at ordinary temperatures, while carbon would remain 
for ever unchanging at ite side. 

This variation, at different temperatures, of the affinities for 
oxygeu by carbon and iron amounts to a complete reversal of 
an ascertained law. A philosopher residing in a planet where 
high temperatures were unknown, might most justly assert that 
oxygon possessed a greater affinity for iron than for carbon; 
wherofts an Inliabitant of the sun might on equally good 
crounds come to exactly the opposite conclusion. Thus this 
law, like many others, is governed by the conditions under 
which it is exercised, and it forms one of many illustrations, how 
easy it is to bend the inflexible laws of Nature to suit our end- 
leftdy vur luiroments, 

CarU '3 a greater number of separate compounds 

than a iment, and oven tlioao compouuds sometimes 

bohft^ ry aubstances, and combine amongst them- 
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selves. The conditions of mere mixture, and as oartide of iron> 
tinder which this element changes that metal into steel and 
cast iron, endowing it with new peculiaritieB, are at the present 
time the subject of an elaborate investigation by some of our 
leading metallurgical cliemista, and the final result of their 
labourB will be awaited with deep interest by engineers. 

Familiar qualities of all substances gradually disappear as 
they change from a solid to a gaseous condition. The hard- 
ness and brittleneas of cast iron finds no place in its liquid 
state, nor can the properties of any liquid be traced in its gas. 
Thus we only know the properties of bodies such aa are dis- 
played in the narrow compass of temperatures which we can 
observe, and cannot tell anything of their mutual relations 
under different conditions of temperature, density, and of 
perhaps unexpected allotropic changes in their nature. 

Iron is the most important element with whieh engineers 
have to do; indeed, it may be said that they could not exist 
without it. This metal ia more plentifully distributed than any 
other : easily reduced from ores, and possessing very different 
.qualifications according to the proportions of carbon or other 
metals with which it is combined. In common with platinum, 
wrought iron has the rare quality of welding, by which its atoms 
at a white heat seem to be removed sufficiently far apart as to 
be within the sphere of attraction of another bar similarly heated 
and driven into close mechanical contact. But it is not alone 
in these qualities that iron is so remarkable a metal. Its 
peculiarly electrical and magnetic properties have within the 
tost few years rather distracted attention from its other natural 
gifts. The investigations to which iron has rendered such 
signal service have tended more than anything else to place 
this youngest bom of sciences in the position which now it 
/occupies. 

Although the effect of an electrical current in producing 
i magnetism was first discovered by the late Professor Faraday 
Liu Uie year 1831, it was not until the year 1834 that this dis- 
I languished philosopher invented and showed at the Royal 
\ Jtoatitution an early form of dynamo-electrical machine ; and, 
I after resting for many years, and being tho subject of many 
■ experiments, this macLine has been taken up by a class of men 
I'Of very different character to its original mventor, and it is 
^'Only quite recently that engineers have had anything to do 
f Vith it. Not like the older sciences, a alow growth of centuries, 
l.'iLor like engineering, the work of an entire generation, this 
L.precociouB infant of days seems to have sprung into existence 
taU at once, and everybody is expected to accept as proved the 
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crude theoriea and unfounded asaumptioDB of those who claim 
to be the sole depositaries of the secrets of a new science. 

To the genertil public, ignorant of a new and uncouth 
nomenclatuie, and disconcerted by an 'array of mathematical 
8ymbols,which, if they knew the truth, not unfrequently resemble 
sheep walks on a barren moor, that start from nothing and lead 
nobody knows where, some of the electrical companies have 
made too hopeful promises, and financial disaster has proved 
an inevitable result. Indeed, we may see that the elementary 
principles of mechanical engineering have been entirely unknowD 
by them, and that many thousands of pounds have been wasted 
in the construction of ill-designed machines which were little 
else than dangerous experiments for ascertaining the simple 
laws of centrifugal force, or the correct proportions of pnlleya 
and bearings for transmission of power at high speeds. We used 
also continually to hear of irregular driving and engines 
breaking down ; and though these evils might arise through 
mistaken cheapness, or not knowing the actual power trans- 
mitted in driving dynamo-electrical machines, yet, as the 
indicator was invented by Watt, and is now in universal use, 
such ignorance is wholly inexcusable, and no educated engineer 
could possibly make such a mistake. 

All these proceedings form a good illustration of the need for 
some standard of qualification which shall enable the public to 
place confidence in a man's claim to rank as an engineer ; and 
there is, unfortunately, no snch security of any kind in this 
country. Besides, many people possessing the merest smattering 
of engineering, who would resent the suggestiou that their own 
simple arrangements might be improved, will yet consider 
themselves perfectly competent to design or arrange a com- 
plicated mechanical combination, or discuss details which can 
only be mastered by much study and experience. In a new 
departure like modem electrical science, it was only natural 
that experiments were necessary, and failures to be anticipated, 
and it is not to such that we allude; hut that it should be 
implied that every educated engineer does not know the proper 
proportions of pulleys and belts to transmit a given power, nor 
how to construct an engine that shall not break down, is to 
place a most unmerited slur upon the profession. 

In the construction of their machinery, the electricians have 
by this time blundered into more reasonable proportions ; bat 
they cannot be surprised that their want of knowledge in these 
matters, so generally known, should hardly form their best 
eredei ' " " t making statements upon the details of a science 
the ;eriouB and extraordinary ever brought under the 

doi lan. 
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Tbe practical details of electrical work are quite distinct from 
the true engioeering iovolyed ia construction of engines and 
machinery, and in it electricians may fairly claim a position 
of their own ; and it ia only in continuation of previous remarks 
npon the unique properties of iron, that I would venture to 
make a short excursion into their special province. 

Whether neutralised electricity or magnetism exista in all 
substances or not, remains still to be proved ; but certain it is 
that tbe earth and sun, and probably all the other planets, are 
powerfully magnetic, each as a whole. It is principally throngh 
the properties of iron, that we are able to bring magnetism to 
practical use : and if we study Professor Hughes's most inte- 
resting experiments on the polarisation of its molecules 
onder the influence of electrical currents, we see how, as by 
the action of wind on a field of corn, the magnetic pole 
of eacb molecule is turned in the same direction, and a 
maximum effect is reached. When, with pure iron, the 
exciting cause is withdrawn, the molecules again neutralise 
each other, and no external magnetism is perceived. But the 
addition of carbon, aa in cast iron or steel, necessitates increased 
electrical force to rotate the molecules, aad at the same time 
prevents their ready return. It is this property of carbon 
which gives us permanent maguets ; and although the out- 
lines of this theory are not new, yet Professor Hughes's ex- 
periments promise to throw more light upon the subject of 
magnetism, and collaterally upon the intei'ual constitution of 
matter, and we may await their development with increasing 
interest. 

If magnetism ia thus shown to be the polarisation of mole- 
cules of iron, what can electricity be, with which it is so 
intimately associated ? It is an influence subject to none of 
the laws of matter, and has been ascribed to that mysterious 
ether which enters into tbe innermost recesses of all material 
tilings, like light through transparent glass, and at the same 
time seems only hounded by the coufiues of iufinity. This 
appears to be the vehicle by which the light of stars ia trans- 
mitted to our eyes, and may be the medium through wliich 
gravity acts, though not subject to its sway. It is an influence for 
the appreciation of which another sense would be required beyond 
the five we now possess ; for its presence cannot be detected by 
most refined analysis. Like ozone, which hints at a fourth 
condition of matter, this mysterious essence limits no bounds to 
the potentialities of a scientific imagination. Indeed, may 
itself not be the subject of a neutralised state of quiescence like 
iron ; or may there possibly be a polarisation of its own inner 
nature which we call electricity ? None can dispute its myste- 
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rious character, or chain its awful potency. It kuowa no 
limits of infinity at either end of the scale in magnitude or 
miDuteness, and seems as intaogible and unknown as the very 
nature of life itself. 

Such matters as these naturally give rise to the reflection 
that if we are able to learn so little of the nature of the 
materials in daily use, while they are ready to answer judici- 
ously directed experiuiental enquiry — if we cannot ascertain 
more than the existence of an ether which [)ervadea and seems 
to govern all things — how can science be reproached for ita 
failures and for its superficial knowledge ? Rather should we 
feel grateful to its esponenta for their courageous attempts to 
pierce the surrounding gloom, and forgive their pardonable 
dogmatism in favour of a new theory. If any new theory serves 
no other purpose than a temporary beacon to guide through the 
dark recesses of the unknown; and if such reasoning by 
analogy aids in searching out the unity of working of a single 
mind, it is no reproach to a theorist that the selt-sufQeient 
"practical man" cannot climb with him to the top of Nebo, 
and see the promised land ; nor that his theory may be 
shattered in the dust for another of wider scope and more 
general application. Thus wo know and slowly learn that 
knowledge itself is not exempt from universal development, and 
is under the despotic sway of that inexorable law of nature : 
" the survival of the fittest." 

It is time, and more than time, that this long address should 
come to an end, and I tmst that it has not wearied your patience 
altogether. It has been my endeavour to show ibrtn some- 
thing of the many-sided aspects of modem mechanical engi- 
neenng : of its all-embracing character and its exalted destiny. 
It is becoming a science of the very highest rank in intrinsic 
worth as in practical utility, and one that is deserving of the 
most attentive study. 

But most of all I would protest against the too common 
idea that abundance of knowledge is the only thing to teach or i 
learn. The reading of many books is only to store the mind 
with a miscellaneous collection, without order or classification. 
But it is the province of true wisdom to teach the right use of 
knowledge in the application of this store to the best advantage ; 
and such wisdom is most to be desired, and worthiest of all 
things for our gain. 
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March 3rd, 1884. 
ABTHUK RIGG, President, in the Chair. 

THE DEFECTS OF STEAM BOILERS AND 

THEIR REMEDY. 

By a. C. Enqeet, 

Steam boilers are used as a medinm to convey heat or the 
I Bccomulated force produced thereby to an engine for the 
purpose of moving machinery to do certain work. The heat 
I rises from the bnrniiig fuel within the boiler-furnace, and 
' penetrates the metal to heat the water in the boiler to 212*^ P. 
BO as to form steam ; but before its actual formation 966° F. 
has to be absorbed. Steam has no power to move a piston at 
such a low temperature, therefore more heat ia required to pro- 
dace the necessary force, and the higher the degree of heat con- 
tained in the water and steam, the more pressure will the steam 
exert on the piston when allowed to enter the cylinder. It is 
of the utmost importance to have perfect combustion, so that 
the whole of the heat may enter the water in the boiler. For 
this purpose various shapes and forma of boilers have been in- 
vented, but the Cornish and Lancashire types are found the 
most convenient for general purposes. Now 1 lb. of good coal 
is capable of evaporating 15 lb. of water, but these boilers are 
only capable of evaporating one-third or at the best one-half of 
the quantity of water they should do iu proportion to the fuel 
consumed {which is far too small a proportion), owing to the 
£ame and heat wave rushing through the flues too quickly for 
the heat to thoroughly penetrate the metal. Improvements 
have, therefore, been introduced, such as Galloway and other 
cross tubes, in the Cornish and Lancashire boilers, which have 
proved to be very advantageous in saving fuel, so long as they 
are kept quite clean. But even with these improvements the 
average evaporation is not much more than half that which 
theory shows it should be, owing to incrustation. This evil of 
incrustation, together with unequal expansion and contraction, 
and the corrosion in boilers, are hindrances which ought to be 
removed. 

In the author's opinion several of these evils are due to the 
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construction of Comisli and Lanoaaliire boilers. For instance, 
tlio ashpit, wliicli is used to convey air to the burning fuel in 
the furnace, allows cold air to enter, which keeps tlie bottom 
part of the boiler cool, and stays the circulation of the water 
witbin. If warm water even be fed into the boiler apart of 
tbe heat is again tost from the above cause, and the heat sup- 

f)lied to tbe bottom of tbe boiler is also partly lost, so that the 
ower part of the boiler is almost entirely useless for formine 
steam. Another trouble arising out of this evil is the unequal 
expansion of some of tbe plates. The top part of the boiler 
being hot and the bottom cool, causes great strain at various 
seams, as the expansion and contraction are continually affected 
by tbe varied draught or temperature, often loosening rivets 
and causing leakage, and endangering life and property. 
Another bad feature in this description of boiler is that the 
bottom of the flue and the shell being very close together, it 
is hardly possible to clean those parts properly. This is of 
great importance, as on that particular part the most settle- 
ment takes place, the water being there almost stationary. 

Among the general evils to which boilers are subject, incrus- 
tation is one of the principal, because all waters contain certain 
impurities which settle in the boiler, as the heat cannot 
dissolve nor drive them off with the steam. These settlements 
remain generally where the steam is formed, and get baked 
into a. hard scale on tbe plates, but mostly on the crown of 
the flues and conical tubes. As this scale is a non-conductor 
of heat, it requires 15 per cent, more coal when tbe scale is 
only one-sixteenth of an inch thick ; and when it is a quarter 
of an inch thick, GO per cent, more coal is required. It is not 
only the coal which is thereby wasted, but tbe water is kept 
away from the boiler plates, which become overheated, and 
eventually have holes burnt in them. To prevent incrusta- 
tion, various solutions and many other remedies have been 
tried. The author desires to draw attention to the remedy 
which the chairman of the Manchester Steam Users' Association 
has recommended. This consists in putting 3 lb. of soda ash 
every day in the feed-water of a SO-norsepower boiler, and to 
frequently blow off. Besides this, be recommends the Porter- 
Clark pnwess, which consists in putting lime-water into the 
feed-water, which throws down all the carbonates, and the 
water is then filtered and ready to be pumped into the boiler. 
Still, this process does not touch the sulphates. 

Another trouble with boilers is the formation of smoke and 
the loss of uuconsumed gases. In reference to this, the author 
had tbe honour, in June 1881, to read a paper before this 
Society " On the Prevention of Smoke " ; he also sent a letter 
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to the editor of Iron {which was published in that paper for 
December 21, 1883), entitled " The Cause of Smoke," of which 
the public has never been informed. A few points therein may, 
perhaps, be re-stated here, as some of the younger members of 
the proi'esaion may have thought the subject too unimportant. 
to be inquired into. The author wrote as follows: — "When 
fresh coa& are placed on the fire in an open firegrate, smoke 
rises directly. The cause of this smoke is not very far to seek, 
as it will be easily understood that before the fresh coals were 
put upon the fire within the grate, the glowing coals radiated 
their heat _and wanned the air above, and thereby enabled the 
rising gases at once to combine with the warmed air to produce 
combustion, but since the fresh coals are placed upon the fire 
these coals absorb the heat, and the air above remains cold. 
The fact is that these Tolatile rising gases cannot combine with 
the cold air for combustion, still a combination does take place 
in the following way ; — The cold air in the act of combination 
absorbs a part of the warmfli of the rising gases, which they 
cannot spare, and therefore they (the gases) must condense, so 
much so that small particles are formed, which aggregate, and 
are called smoke, and when collected form soot, but so long as 
these particles or gases are floating they cannot bum or produce 
combustion. Of course the invisible hydrogen gas rising from 
the coals with the smoke would burn easily enough, but it must 
first be lit before it can burn," 

The above sentences only refer to open firegrates ; in furnaces, 
amoke and waste of gases may be caused by too small a quantity 
of air, so that there is not enough oxygen to satisfy the rising 
gases, or there may be too much air, which, whilst passing 
through the furnace, absorbs heat and thereby impoverishes 
the combustion, 

In the paper on the prevention of smoke, read before this 
Society, the author expressed a strong opinion that smoke once 
formed could not be consumed, and gave his reason, and he 
finds the following in a work frequently consulted by boiler- 
makers : — " We see, then, bow palpably erroneous is the idea 
that smoke once formed can be consumed in the same furnace 
in which it is generated, and how irreconcilable is such a result 
with the operation of nature, and it is only the cooling down of 
carbon which produces smoke." Here then, again, smoke is 
attributed to the cooling do*vn of the gases, and the author 
thinks the cause not only of the loss of a few grains of carbon, 
and the other invisible gases (which amount often to a high 
percentage), which go out with the smoke, but also the trouble 
and unhealt^ness produced by smoke, cannot be referred to too 
often. It is, of course, well understood that cold air must be 
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prevented entering the furnace, and for this purpose meohanical 
stokera have been invented, not only to prevent the formatioii 
of smoke, but to save fuel. Experience, however, has taught 
ns otherwise. 

Referring to the Manchester Smoke Abatement Exhibition, 
Engineering, April 28, 1882, after stating what the various 
mechanical Btokers profess to do, observes that very many 
mechanical stokers are thrown out of use after a time, and the 
old hand-firing again resorted to. It is also remarked that 
though the machines are pleasing and satisfactory at first, the 
main result in the long run is that the mechanism is trouble- 
some, wasteful, aud costly. Later on it is stated that " it would 
be interesting to know the actual number that has been fitted 
to boilers during the past live years, and in how many cases 
they are still at work.' 

In the Keport of the Manchester Steam Users' Association, 
April 24, 1883, is the following : — " The question of smoke 
prevention, and the relative merits of mechanical and hand- 
tiring, has been carefully considered by the Association, and the 
conclusion arrived at was that as regards economy, the two 
modes of firing gave practically the same result ; as many as 
fifty-five mechanical stokers had been removed from boilers 
under inspection. To prevent smoke by hand-firing, nothing 
out of common was wanted, but only a reasonably i'air draught, 
a reasonably fair boiler, regular firing, and the admission of a 
little air above the lirebars, to secure the combustion of the 
gases." 

In the Eeport of the Jurora' Committee of the Smoke Abate- 
ment Exhibition, it is stated on page 25, as to mechanical 
stokers, that " most of them require occasional assistance by 
hand," thus showing that they are still open to further im- 
I provement. In the above Eeport it is stated, on page 27 
(Firebars, fire-bridges, furnace-doors, &c.), that " the Committee 
are of opinion that any assistance by which air is introduced 
with the view to complete the combustion either of gaseous or 
of solid fuel is objectionable, and is not likely to lead to the 
most economical results." 

These statements of high authorities support the author's 
I opinion that smoke cannot be burned in the same furnace 
L where it has been formed, and much less is any fnmace-door 
pble to produce complete combustion of the fuel burning 
pithin the furnace. In fact, entire combustion is almost 
leyond the means' of man, in an ordinary furnace. Still, 
Bmprovements have been made, by introducing warm air to 
■combine letter with the rising gases of the burning fuel. But 
'his is no easy matter, considering that 150 cubic feet, or 
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22 lb., of air are ret[uired for eaeh pound of coal burnt ; and it 
is a fact that the carbon I'equires great heat before it can be 
burnt, and, further, that all solid fuel formed into gaaee and 
compressed gases while expanding absorb a large quantity of 
heat before they can burn. 

On this subject Mngine&nng for December 2, 1881, says: — 
" Total combustion meana, not merely the rendering the 
products of combustion invisible, it means the conversion of the 
carbonic oxide produced into carbonic acid." Another author 
Bays ; — " The carbon burning in the flame has not completed 
its combustion, and it is only the high temperatnre of hydrogen 
burning which will enable the carbon to combine more readily 
with the oxygen in the air," It is only the clear white flame 
which will show that combustion is in its proper condition and 
everything is well heated. 

To prove that the carbon in the flame is only completing its 
combustion may be seen by the flame of a gas jet or of a candle, 
which gives a very white light, as, for instance, the Siemens 
gas lamp. But if a little air be allowed to blow in from the 
bottom, then the white light will blaze out in a long dark red 
flame, and give little light, but plenty of smoke and soot. 
Again, if a plate be held over a gas or a candle flame, carbon, 
i. e. soot, will settle on it, and the deposit is increased when the 
plate is held lower in the flame, in fact the burning of carbon 
m a flame is only one of the stages of combustion, and when 
combustion is interrupted or incomplete it produces smoke, 
which is increased, while the invisible steam formed by the 
hydrogen will condense and cling to the dust of the carbon. 
This oan be proved by the flame in a furnace ; the lowest part 
of the flame, where the carbon has just combined with the 
oxygen, is generally much darker, even when the top is quite 
white, and is giving the greatest heat of some 2000° F., and 
when the flame is entering the tubes of a marine boiler, the 
bottom tubes are getting choked with soot, while the top 
flues, owing to the white flame, remain clean, and produce the 
heat required for forcing steam. 

"When fresh coals are placed in the furnace, the stoker 
generally leaves a small quantity of fire on the dead-plate, 
upon which he places his green coal, and then closes the 
fumace-door. This method the author thinks entirely wrong, 
as the heat from the fire underneath drives out the gases from 
the green coal in such rapid succession, that it is almost im- 
possible for combustion to take place, even if the materials were 
ready for combustion. Such, however, not being the case, most 
of these valuable gases escape and are unproductive. If the 
fire on the dead-plat« were raked to the front near the door, 
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ftDd the green coal placed on the dead-plate between the two 
fires, the small quantity of air entering the furnace-door ivhen 
Bhnt would be warmed, and would ignite the rising gases from 
the green coal. At any rate, the first gas rising from the 
green coal is generally hydrogen, and as this gas has a greater 
affinity for oxygen than for carbon, it takes the first supply to 
form invisible steam and produce the greatest amount of 
heat whilst burning, thereby preparing all the other gases for 
proper combustion, 

lo carry out this plan, the dead-plate might be made a 
little larger so as to receive more coal at longer intervals, but 
the carbon gas at first very seldom combines with more than 
eight volumes of oxygen, forming carbonic oxide, as the carbon 
gases have to be formed from the solid carbon, and only after- 
wards while burning combine with eight more volumes of 
oxygen to form acid. Of course, if the draught is slow, which 
is always better for proper combustion, and if there be more 
carbon gas within the flame, then another six volumes of 
carbon gas is absorbed, and oxide is formed again. This, then, 
would be something like proper combustion, and would ))roduce 
the heat required. But where is the quantity of warmed air to 
come from in the Cornish and Lancashire boilers ? As the 
jiirors state, in their opinion " air ought not to be allowed to 
outer above the firebars." Some very elaborate furnaces with 
hot-air chambers bare been built, but they are so expensive, 
mid ooi'Ujiy 80 much space, that they are rarely employed. 
The atniofphore passing through the firebars and mcandescent 
Are above, is not at all times sufficient for complete combustion, 
especially when the draught is weak ; and as it has been shown 
that burning carbon is taken up by another eight volumes of 
oxygfu, it IS abnost necessary to supply warm air above the 
flrvbura if the proper combustion of ail the gases is to take 
pidoa Tho densest smoke is formed when stoking is com- 
ulWPe<l> "I" *■'"> I'tftly burned coals in front are pushed baek- 
WftrdH on tho firohars. The coals now disturbed having been 
vanned liud their poros opened, the previously confined gases 
riMO in a mass, but meeting the cold air entering |)artly from 
Ukj open firedoor and partly through the firebars, the gases 
oondenM and form HiuoKe. To save this great loss of gases, 
and lo prevent tho formation of smoke, the damper ought to bs 
nwrlr closed before the furnace-doors are opened. K this plan 
ig wit adhered to, the owner of the boiler will not only lose all 
Iba gaeea as stated, but in addition some 8 lb. to 10 lb. of coals, 
to make good the eh has entered the furnace and fluea 

by the door. 
^hMmHIG •* 01^^^^^^^ common to boilers in general, and 
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I although a very important matter, the author has been unable 
to find any reference to tljis subject even in the most important 
works on boilers. He, however, found in a paper rend before 
this Society by Mr. Wm. Major, on April 9, 1877, the follow- 
ing : — " It ie certainly humiliating for the profession to be 
obliged to admit that one hundred years after the introduction 
of the steam engine, they are still unable to anbdue an evil so 
generally experienced as priming of steam boilers ; yet such is 
the case, as proved by the Serapis." Further on it is stated, 
that tallow and other remedies have been tried with various 
results, some doing harm to the boiler-plates. It is, however, 
stated that petroleum, mixed with the feed-water according to 
Mr. Major's invention, proved perfectly successful, as shown by 
a letter from Copenhajjen, about one gallon of petroleum being 
used per day in a 30-horsepower boiler. Beyond these state- 
ments very little is said about the cause and remedies of 
priming. 

The author will now give his opinion and experience of 

» priming in boilers. The warming up and starting of an engine 
m the morning requires a large amount of steam, as considerable 
condensation takes place at first, more especially in the winter. 
The great quantity of steam taken from the boiler in so short a 
period very often reduces the pressure of steam within the 
boiler some 25 to 40 per cent,, and considering that the flues 
by that time are not very hot, and are not able to form steam, 
the whole formation of the steam required is thrown on one 
small plate or space just over the bridge of the Cornish or 
Lancashite boiler, in fact, this small part of the boiler has 
produced or formed the whole of the steam and pressure within 

I the boiler, and therefore this part must be very hot, and the 
water close to it absorbs more heat for expansion to form steam, 
and is consequently lighter than the water just above it, and 
possesses greater accumulated heat for the moment than the 
steam bubbles already formed. Tlie heated water, with the 
lighter steam bubbles, are therefore thrown up together, when 
the pressure from above is suddenly removed, and forced into 
the engine. 
The working of a vertical boiler may serve to make this case 
dearer. The steam formed having to force its way up through 
a column of water from 1^ to 3 feet deep, of course produces 
some pressure, and the water on the top being cooler than that 
at the bottom, the single bubbles of steam are hardly able 
to force their way up, and a combined effort is required (which 
^^- may be said to cause a convulsion within the column of water) 
^^L for the steam to raise itself, and then the superheated water is 
^^H thrown up with the steam. This so-called priming in the 
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Tertical boiler is not seen in tlie water-gaiige so long as the 
water is kept low, say about 3 inches in the glass, but i£ 
the water be pumped as high as say 5 or 6 inches, then the 
water thrown up with the steam shows itself in the glass from 
the top. This, then, proves that the water forced up with 
steam will by gravity fall back in about a space of 3 or 
4 inches from above the water-line, and the steam so cleared 
will show very little priming. Pure water will no doubt prevent 
priming to a great extent, but where boilers are forced or the 
water stands too high in the boiler, then the convalsion will be 
stronger, and a higher space for the steam to clear itself will 
be required. These facts prove two things — firstly, that in 
most instances the heat is applied on too small a space, and 
thereby harm is done to the boiler ; and, secondly, that the 
steam space above the water-line is insulficient. These two 
conditions not only destroy or do harm to many boilers and 
engines, but cause a loss of fuel and power. The best means 
for the prevention of priming will he explained later on. 

The author thinks too little attention has been given by 
steam users in general to the air and gases with acids contained 
in the feed-water, as these acids not only corrode the boiler-plates, 
and produce galvanic action with the grease returning to the 
boiler with the condensed sfeam, bnt the gases accumulating in 
the boiler amount to something more than is generally supposed. 
All water contains at least 2 to 3 per cent, of absorbed air and 
gases ; such air and gases, being continually pumped into the 
boiler, accumulate. It is known that all gases are by gravity 
heavier than steam, the steam being on the top in the boiler, is 
allowed to pass from thence to the engine, the gases remaining 
behind, and, as carbonic acid gas is the heaviest gas, it takes 
the lowest place. 

Now a 50-horsepower boiler will use about 3000 gallons of 
water per day. Then there would be as much as 14^ cubic 
feet of various gases accnmulated, and in a week, some 80 cubic 
feet. These gases can only be expelled from the boiler by 
frequent blowing off; and if this be neglected, the gases and 
acids accumulate to a very great extent ; and the author is of 
opinion that if an explosion then took place, it would be much 
more violent on account of the accumulated gases. They 
increase in volume as 1 in 490 at every degree F., so that at 
50 lb. pressure the accumulated volume of gases will nearly be 
doubled, and thereby give an after-pressure to the steam to 
blow the boiler to atoms. 

Manchester Steam Users' Association and other autho- 
nve expressed the opinion that there must be something 
steam pressure in many explosions. The return side 
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I and bottom flues of a boiler otiglit to be rounded off, as all 
LvornerB prevent the proper flow of the air and beat-waves. A 
■ few bricks sticking out in the flues from the brick walls will 
fithrow the beat-wave towards the boiler. 

The author having stated eome of the existing faults and 
I their remedies in Cornish and Lancashire boilers, will now 
explain the improvements made in a boiler designed by him- 
I Belt; which has undergone some very severe trials. The object 
I of the author was principally to do away with the ashpit ; to 
r prevent, if possible, incrustation ; to extract from the water all 
I gases; to prevent unequal expansion; to produce dry steam, 
I and, by having better combustion, to prevent smoke. To 
f obtain these results, he designed and bad manufactured the 
r boiler shown in the engravings, where Fig. 1 is a transverse sec- 
I tion, and Fig. 2 a longitudinal section. In this boiler two flat 
1 fines are placed one above the other in a cylindrical shell 16 feet 
f 6 inches long by 7 feet diameter, of which the top flue is 4 feet 
i. 8 inches wide by 10 inches high, and the other 4 feet 6 inches 
wide by 10 inches high, the top one being stayed with twenty- 
four, and the bottom one with thirty-three 3j-incb vertical 
[ tubes screwed into the flue-plates and expanded. These two 
I have one-fifth more room for water and steam than the 
[ two flues of a Lancashire boiler, the top flue having its front 
bottom plate slanting downwards to make room for the firebars 
I and furnace. On the front of the boiler a east-iron box is 
[ £zed, with the bottom open, having doors in front with slots 
' and slides, and perforated baffle-plates. The firebars rest in 
front on a strong bar withiu the cast-iron box, and the back 
ends of the firebars rest on the top end of the slanting flue. The 
1 front ends of the firebars are turned up to prevent the fire 
I falling out A sheet-iron curtain hangs down, so that when 
tbe doors are opened the fire is not exposed ; when firing is 
required, the curtain is raised, and the damper is nearly closed 
1 . automatically, so as to prevent cold air rushing into the furnace 
. and flues. On tbe back end of the boiler there is a closed tank, 
I 4 feet 8 inches wide, extreme height 4 feet, and 1 foot 10 inches 
f deep. The water is supplied by gravity from a higher cistern, 
i and a 2-inch pipe is carried from the tank through the roof, for 
' the purpose of discharging tbe air and acids. Tbe firebars 
slopmg towards the front were designed so that the air should 
not merely pass through the firebars and then rise to the 
boiler-plate, but that the burning gases drawn towards the flue 
should continually meet and amalgamate with tbe other gases 
and meet the warm air coming through the slots in the front 
' doors, so as to produce carbonic acid close under the hoiler- 
latee, and to evolve the greatest heat at the proper places. 
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,e flame or heatrwaves in their passage are retarded by the 
Vertical tubes, which they embrace, and thereby spread the 
heat to the top and bottom plates ; the other part of the flame 
TQshing by will do the same duty by the next tube, and so on 
to the end of the top flue. Here tlie heat-wave is obstructed 
by a water-tank for toiling the water contained within it, and 
the same process goes on at the bottom flue. Passing out at 
the front, the heat is led to the right side flue, returning under 
the bottom of the boiler, and passing to the left side towards the 
damper and shaft. The water does not remain long enough in the 
tank to be sufGciently boiled to throw down the carbonates and 
sulphates of lime, and therefore a live-steam pipe is carried from 
the boiler into the tank, and enters a large 4-ineh pipe, which, 
with 50 lb. ptessuie, will produce close to the pipe some 240° 
to 250" Fahr., which beat will throw down the carbonates and 
sulphates (which are drawn off below), and send the acids and 
air out of the tank. The feed-water supply is taken from tbe 
hottest place over the pipe and is pumped into the boiler, and 
as this water is almost pure, and at the boiling-point, it produces 
no settlement or scale within the boiler. 

The steam supplied to the water-tank is then led bv a pipe 
to the front, under the firebars, and allowed to escape in small 
jets for the purpose of warming the air under the grate. The 
steam passing through the incandescent Are will be partly 
dissolved into its two elements, oxygen and hydrogen, of which 
the oxygen will at first fly to the carbon, and the hydrogen will 
bum above with freah oxygen again to invisible steam, which 
if collected would produce nearly a ^ ton weight of water 
from a ton of coals, if proper combustion had taken place. 
The steam jets are principally for the purpose of obviating the 
necessity of a very strong draught. The damper being half 
closed to prevent the heat from entering the chimney, the 
quantity of steam supplied under the front bars is very small, 
for if a large supply of steam was used it would become super- 
heated by the burning fuel, and rise by its gravity close under 
the boiler-plate, thereby preventing the heat from penetrating 
the metal, and proving that steam ought never to be employed 
above the firebars. The vertical tubes after one year and a 
tqnarter of work are found to be as clean as if they had only just 
been pnt in. The circulation is so rapid that there is no settle- 
ment on theibottom of the boiler. On the top flue only there 
is found a small quantity of sediment, which is easily removed 
by a water-hose, and the scum on the sides of the boiler can be 
easily brushed off. Another advantage is that the bottom of 
" .e flues produce almost as much steam as the top, because no 
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statioDary steam globules are permitted to accuimilate, in 
consequence of the rapid circulation through the vertical tubes, 
in which no settlement or seale can attach itself. However large 
the flat tubes are made, it is impossible for them to collapse, on 
account of these vertical tubes or stays. The total heating 
surface is 577'7 square feet, and the grate surface 13 square 
feet. There are, therefore, 44-4 square feet of heating surface 
per square foot of grate surface. The author finds that, by a 
slow combustion and a gentle draught, more heat is evolved 
and penetrates the metal, and that there foremore water Is 
evaporated per lb. of coal. 

There being no ashpit in this boiler, and the boiler being 
entirely bricked in, no unequal expansion can possibly take 
place. As no cold air ia allowed to enter the furnace, no smoke 
can arise except at the moment the curtoin is let down and the 
damper raised; but this vapour is so trifling that it is hardly 
worth mentioning. A boiler on this principle was laid down by 
the author for driving the maehinery at his works in Three 
Mills Lane, Bromley-by-Bow, in December 1882, and has been 
tested by several independent engineers, amongst others by 
Mr. W. H. Maw and Mr. D. K. Clark. With this boiler there 
is no priming, dry steam being produced (as stated in .En- 
gineermg for beptember 14, 1883), teats having proved it to be 
thoroughly dry. Mr. D. K. Clark, in his report, states : — 
" I tested the steam produced each day for dryness ; it proved 
to be dry and free from priming water," The explanation of 
the dryness of the steam is very simple, and is due to the large 
flat surface of water in the boiler, of about some 112 square feet 
area, which for the most part is only 3 inches deep, and having 
a heated flue-plate of some 80 square feet below, and twenty- 
four vertical tubes, which with a volcanic action continually 
send up the steam formed within them, and that from below, 
caused by widely distributed heat-waves. Then there is such a 
rapid circulation that no pressure arises from avolume of water, 
and there is no force or convulsion present to form steam bubbles. 
With shallow water and well-distributed heat, priming is there- 
fore prevented. 

Thus the principal defects of boilers have been remedied by 
this new design. There is very little waste or ashes, no clinkers 
in general, and only a few cinders, which may be used again. 
The stoking is very simple, as the coats are placed almost in 
front, the bars are short, and slanting to the front. In Iron 
for Oct^iber 5, 1883, it is stated by the editor that this boiler 
has realised the highest efficiency on record, and that it marksa 
new phase in boiler construction. In the Times, September 17, 
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T opinion. 
Mr. W. H. Maw and hia stafl' made live testa during nearly six 
months, of which the author here gives the last. An elaborate 
report of tiie same was published in Engineering for Sep- 
tember 14, 1883, in which it was stated that the boiler em- 
bodies a number of novel features, and produces rapid circula- 
tion through the vertical tubes, the effect of the curtain being 
very marked, and that as a rule there was no trace of smoke. 

EeHULTS of EVAPOtUTlON Testh. 
August 31, 1SS3. 
Duration, S a.m. till 5 p.m., 9 hours. 
Steam proBsure, umiimum, SO lb. per square incli, 
Bteum pTFBXure, minimum, 39 5 !b. per square incli. 
Steam presaure, mean, 45'S lb, p«r aq^iuiie inch. 
Ooal, total quantity bumeJ, 1015 lb. 
Con], quantity burced per hoar, 112-8 lb. 
Coal, quantity burned per square foot of grato (short bars), 
Aalieg weigljed, contaiDing fragments of coal and clinker for wlilcli i 

allowaD<^e was made, S3 lb. 
Ares of grate, 13 eqnoro feet. 
Water, total quantity evaporated, 1I5D gallons. 
Water evaporated per hour, 127 '7 galluns. 
Water evaporated per square foot of heating sucface, 2'2 lb. 
Water evaporated per lb. of coal, 11 '3 lb. 
Temperature of feed- water, meao, t 
Temperature of gases measured i 

29(1" Falir. 
Draught, mean, ia incUus of wator, -^'^ inch. 

The National Smoke Abatement Association had two teats 
made by their engineer, Mr. D. K. Clark, who gave a minute 
report of the boiler in question, and from which the following 
figures (see p. 38) are taken. The report ia dated January 18, 
1884. 

Mr. Clark concludes his report with the following remarks : — 
"On the first day the boiler was worked at the nana! pace to 
supply steam for the daily requirements ; on the second day it 
was forced by increasing the draught, in order to teat still 
fiu*ther the capabilities of the syatem. In point of efficiency 
the results compare favourably ior the Engert boiler. On the 
system of firing for this boiler, which does not demand more 
than an ordinary degree of care in management, smoke can be 
entirely suppressed. Shortly after the two days' tests were 
completed, the boiler waa opened in my pre.-once, and I found 
on inspection that it was entirely free from scale, and was other- 
wine in good order. I may add, in conclusion, that in my 
opinioB Mr. Engert has produced a steam boiler of much merit, 
and that he has made a new and effective departure in steam 
boiler engineering." 
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Number of trial 

Dale of trial 

Tenper&tnre of boiler-baiiBe, aventge . . 

Bcuvmeter average 

DncBtioii of trial 

Average e&ecti re pressure per square inch ij 

the boiler 

Net quantit; of coal coneuaied at trial 
Net quantity of ooal oonaumsd per hour . 
Net quauti^ of coi! cooHumed per hour pe 

square foot of firegrate 

Ash (no clinker) residue 

Ash residue per cent, of net coal coasumed 
Average teinpeiatura of water supplied for 



Mitity of water supplied for ooDsumption 

Qnentitjr of water per hoar 

Qaantity of water pifr hour per square foot of 

gwte 

Quantity of water per lb, uf coal oon- 



Qnantity of water per lb. from and at 
212''Fahr. 

Quantity of water per lb. of combustible .. 

Quantity of water per lb. of combustible 

from and at 212° Fahr 



10-23 lb. 

741b. 
7peroenL 

73-5° Fahr, 
202-5 cubic f<iet 
2S-31 cubic feet 

1 '95 cubic feet 

11 '85 lb. 



57-3° Fahr. 

29 '90 iDohea 

8 hours 

36-6 lb. 
1568 lb. 
196 lb. 

15-10 lb. 

84 lb. 

5'36 per cent. 

70° Fahr. 
236 cubic feet 
29 '5 outdo feet 

2'27cubiofert 

9-37 lb. 



The interior of the boiler has also been inspected upon two 
occasions by the engineer of the London Mutual Boiler Insur- 
ance Company, the last inspection having been made on 
November 9, 1883. Upon each occasion the inspector reported 
the boiler to be clean and free from scale or deposit. 

In conclusion, the author would submit that the defects of 
steam boilers and the evils of iucrustation, priming, and bad 
circulation are largely, if not wholly, doe to faulty construction, 
and that he has succeeded in remedying these defecta. He 
submits this with confidence, not bo much upon his own autho- 
rity and experience as upon those of independent engineers, who 
have investigated the working of his boiler and have reported 
favourably upon it. 

DISCDSaiON. 

Mr. Peers F. Nursey said that a few days ago he went to 

HT ^ -n-ert's works and inspected one of his boilers, arriving 

e close of the dinner-hour. During the dinner-hour 

:e had been banked down, and he was present at the 

. It was fired in the way which the author of the 
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paper had explained — by closing the damper and raisinfj the 
curtain. A Biuall quantity of smoke escaped from the chimney 
in the form of a thin cloud for, perhapa, from three-quarters 
of a minute to a minute and a quarter. He was in the works 
from half to three-quarters of an hour, and he afterwards 
watched the firing from a distance. After the first firing, of 
which he had spoken, no smoke whatever was produced from 
any subsequent firing. He should like to ask Mr. Engert what 
was the shortest time in which he had raised steam, say from a 
cold toiler. That would be rather an important point Mr. 
Engert had referred to a paper which was read before the 
Society some years ago by Mr. Major, upon the priming of steam 
boilers. In that paper an invention was brought forward 
which referred to the use of petroleum fed in with the feed- 
water. After that paper was read, he (Mr, Kursey) took some 
little interest in the matter, and he found that petroleum had 
been tried on a small steamship belonging to the Brighton 
Bailway Company which had been fitted with a boiler de- 
signed by Mr. Stroudley. Unfortunately that boiler was not 
quite suitable for marine purposes, and it primed very seriously. 
A small portion of petroleum was injected into the feed-water, 
by means of an apparatus for the purpose, about half an hour 
after they started running, and the priming was most effectually 
overcome. The quantity of petroleum was exceedingly small 
and it was moreover found that very little lubrication was 
needed in the engines. The apparatus was also applied to two 
steamers running on the Tyne, and with the same satisfactory 
results. He had not, however, heard of its further application, 
as there were other means of attaining the same end. 

Mr. Barrow Turner said he should like to draw attention 
to the principle of supplying feed-water after having entirely 
deprived it of its air, particularly with reference to the in- 
fluence which water so treated had in promoting explosions, 
It was commonly known that water might be heated very con- 
Biderably above 212^ Fahr. without agitation, and then when 
agitation took place the water rapidly flashed into steam. 
Some very remarkable explosions had taken place without 
having been satisfactorily explained, and it had been suggested 
that the cause of them was that the water had entirely lost its 
air and had got into that state in which it was liable to flash 
suddenly into steam. Hence the abstraction of air from the 
feed-water was open to question. The chief merit of Mr. 
Engert's boiler was its non-liability to priming, and he could 
easily imagine that it was a good boiler in that respect. The 
cause of priming was due to mechanical agitation of the water 
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by bubbles of Bteam rnshing to the surface, and tlte very thin 
layer of water which Mr. Engett's boiler had over the fire aod 
hottest part of the flue, by reducing that agitation to a iniui- 
mum, would naturally tand to prevent priming. 

Mr. P, W. D' Altos said that aa engineer to the Mutual 
Boiler Assurance Company he had been in-^ide the boiler and 
had examined it critically. Its state of cleanliness was per- 
feotlj abnormal in his experience. He thought a great deal 
was due to the care with which the boiler was used. He had 
never met with a boiler more carefully treated than Mr. 
Engert's, in the method of 6 ring, and in the care which was 
taken t« supply good and pure water. Some steam users did 
not appear to pay the least attention to the condition of the 
wat«r. He bad never seen Mr. Engert's boiler under steam. 
With reference to Mr. Engert's idea as to closing the damper 
every time they fired, he was afraid there were not many steam 
users who would adopt it. He should think that marine 
engineers especially would have a bad time of it if they had 
to close the damper every time. It would make a serious 
difference in the time that a voyage occupied, though it was 
all very well to close the damper in cases where tbe engi- 
neers were not pressed for time. Mr. Nursey had asked how 
quickly Mr. Engert could get up steam. According to his (Mr. 
D" Alton's) experience, people got up steam a great deal too 
quickly, and boilers were thereby worn out in a very short 
time. Of course it would be interesting to know how quickly 
steam could be got up, but beyond that he objected to push a 
boiler to get steam up quickly. He was sure tiiat in time they 
would hear a great deal more of Mr. Eugert's boiler. It 
appeared, however, to be a difScult boiler to make, and he 
should think that for that reason it would be an expensive 
one. 

Mr. SceoNHEYDER said the author had stated that boilers 
evaporated only about one-third, or one-half, of the amount of 
water per lb. of fuel which they ought to evaporate. He 
thought that very few in the meeting would agree with that 
statement. In country districts, where the fuel was very 
inferior, the evaporation no doubt was very low ; hut that was 
the fault of the fuel, and not the fault of the boiler. The 
author had stated that boilers when fitted with Galloway tubes 
evaporated only about one-hall' the proper quantity of water. 
He (Mr. Bchonheyder) had made many tests of such boiletB, 
and found that the evaporation was about aa good as could be 
expected. As to the accumulation of gases in boilers, he 
thought that that idea was exploded long ago. If a gas could 
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separate itself from the eteam it would mix with it again on 
account of tlie circulation of the steam which was going on in 
the boiler. To suppose that the gases, because of tncir greater 
specidc gravity, would accumulate, was as great a fallacy as to 
suppose that in a room, with its air in motion, the carbonic acid 
gas would necessaxily accumulate along the floor. That would 
be quite contrary to the theory of diffusion. If the gasea could 
accumulate, the boiler would at last be full of nothing but gas ; 
and he thought that if the accumulation took place, and could 
possibly do any harm, boiler explosions would be more frequent 
than they were. Years ago when less was known about the 
causes of boiler explosions many of them were attributed to 
the accumulation of gases. In the particular boiler which 
Mr. Engert had described there were a great many novel 
points, and a great deal was claimed for it. In connection 
with the absence of smoke he was sorry to see that the paper 
did not say a word about the quality of the fuel which was 
burnt. Had Mr. Engert tried some of tiie hard steam coal, 
as a very smoky coal supplied to the London district was 
generally called, or had he tried small coal ? Mr. Clark in his 
report had not said a word about the quality of the coal, and 
that was a very important omission. If the arrangement for 
purifying the feed-water was a really effective one, all due 
credit should be given to Mr. Engert for it. It was well known 
that they could not separate the carbonates from the water 
without increasing the temperature to about three hundred 
degrees. If the sulphates and the carbonates could be separated 
from the water by the simple apparatus described in the paper, 
very great merit was due to Mr. Engert ; perhaps that gentleman 
would state whether he had found that the lime which was 
contained in the water was found in the tank and was blown off 
from it. It would also be well for the author to state what 
tind of water he used in the boiler. The boiler contained many 
novelties of construction, and he thought that it had some 
merits. No doubt the water surface from which the steam was 
disengaged was very large, aud therefore they might count upon 
an absence of priming. The small tubes acroas helped the 
circulation in tue same way as the Galloway tubes helped it. 
Bat it seemed that it would be a most difQcult thing to make 
a boiler of that description, and the paper did not give any clue 
as to how a man could get into it. He thought that a boiler- 
maker who had to lie between the tubes and tighten them up 
would have a very lively time of it. The furnace which was 
shown in the drawing was something very novel, and, eib he had 
"■-' he should like to hear something of its having been tried 
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with smoky coal. The construction of it was contrary to all 
experience. He did not qnite underetand how the ashes were 
got rid of below the firebars. There appeared to be a bar in 
front. 

Mr, Engbet said that the ashes fell out. 

Mr. ScHONHETDER Said that the paper referred to the advan- 
tage of having oval fines. There was anotber well-known 
boiler-maker who constructed flues with oval bottoms. That 
was very well bo long as the boiler-flues were clean ; but when 
soot and ashes began to accumulate, the bottom of the flues 
became fiat, and the oval shape was quite lost. He could 
quite understand that the closing of the damper during firing 
was a great advantage. The damper ought to be always partly 
closed at such a time. He knew that a very large percentage 
of fuel had been saved in that manner, but it was difficult to 
get stokers to do it The closing could be eSected by automatic 
means, and when that was done a great advantage could be 
expected. The results obtained in testing the boiler had 
surprised him very much. He had never seen such high 
results, except perhaps in boilers set upon Mr, Livet's system, 
and he thought that doubls had deservedly been thrown upon 
thetests made on those boilers. As to the tests now stated, the 
fuel must have been wonderfully good, but he believed that 
neither Mr. Maw nor Mr. Clark stated what fuel was used. He 
believed that the highest theoretical evaporating power of 
Welsh coal was 15 or 16 lb. It would be very useful if 
Mr. Engert would add to his paper s statement of the sort 
of coal which was used in his experiments. 

Mr. NuRSEY said that when he saw the furnace at work, 
it was fired with ordinary hard steam coal. 

Mr. Engebt said that hard steam coal was used in Mr. Clark's 
trial. They could not use navigation coal, as the furnace was 
too low. It required a large apace, in order that the coal 
might be used in lumps, and gradually warmed. When that 
was done, the coal opened gradually out. The space was too 
email for that in his furnace. If there was more space in the 
furnace, navigation coal would be preferred. 

Mr. R E. Ddckham said but for bis own experience to the con- 
trary he would have been made somewhat anxious by the author's 
assertion that where mechanical stokers had been tried they 
had been abandoned, for be had recently ordered such appa- 
ratus to be fitted to four Lancashire boilers now being constructed 
for the Millwall Docks Company, He was, however, comforted 
by the knowledge that be had advantageously employed 
mechanical stokers for some years. These had indisputaoly 
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enabled the same amount of work to be done per ton of coal 
as when the boilers were fired by hand. But the apparatus 
required small coal, costing 11a. per ton, instead of ordinary 
steam coal at 159. 3d. This machinery, which had been supplied 
by the Chadderton Ironworks Company, was cheaply maintained, 
continued to work well, and he had as yet discovered nothing to 
suggest its being abandoned. If, however, the stokers were 
removed as useless to-morrow, it was satisfactory to know that 
they had not only paid for themselves, but had produced a 
saving in coal alone of some 600^. per annum. In addition to 
reducing the cost of fuel, the labour of firing and smoke 
produced were considerably less. With respect to incrustation, 
he had found a coating of tar inside the boiler most efficacious, 
impurities which formerly caked hard upon the flues now settled 
at the bottom of the boilers, and could easily be cleared out. The 
same boilers ran double the time ivithout cleaning. The boiler 
which had given him most trouble by priming, was one of 
a portable engine which took steam from immediately over a 
flat firebox, something like that of Mr. Engert's boiler. That 
did not support the theory that priming was to be avoided by 
havmg a flat flue a short distance below the surface of the 
water. He thonght ample steam space, and a good dome, 
whence the steam could enter the steampipe well above the 
water level, the best preventatives of priming. 

Mr. H, G. Fraser said, with regard to the cost of Mr. Engert's 
boiler, that iu the present day purcliasers were not so particular 
as to the first cost per ton of a ooiler as they used to be. Price 
was not regarded as being so important an item as efBciency. 
He thought the cost of Mr. Engert's boiler would compare 
fiivourably with that of any modern form. As to the difficulty 
of getting into the boiler, tnere was a space of about 14 inches 
between the flues. The vertical tubes were readily put in 
position. They were taken in and out from the top, and the 
bottom ones were all taken in and out from the 14-incli space 
between the two flues. He did not think that in Mr. Engert's 
boiler there would be sufficient room to get underneath the 
bottom flue, but difBcultiea of that kind might be easily got 
over by adding an inch or two here and there. He believed 
that Mr. Engert had gained a great deal by being careful to 
prevent the admission of cold air during stoking and firing. It 
was his experience that if a self-acting damper was made to 
close easily (or partially close) behind the bridge, wheu the 
door was opened during the process of clinkering or firing, the 
oold air which was then admitted chilled the flues to such an 
.^xtent that a large quantity of coal was consumed iu recovering 
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tbfi temperature which was in the flue before the coaling took 

[BY Olrick said that some yeara since he had a rather 
___ 8 experience of putting steam through lii'ebars. In 
W^ A Cornish boiler, be found that nearly the whole 
powerof the boiler was consumed in gnpplying steam to produce 
MHsbustion. However, the results arrived at by Mr. Clark and 
Mr. Kaw with regard to Mr. Engiert's boiler could not be ques- 
riiiir i, though they were certainly very remarkable. Looking 
ek IIm boiler generally, he coald hardly understand why there 
^h«iKl be such a good result. As to its construction, he should 
wt tik« to have to take out any of the tubes from the bottom, 
iiMU-CiiUj.' if they were screwed in. The boiler, evidently tested 
DMcr the best possible conditions, with good water and careful 
Vktikiw, g*ve results that were most excellent The question 
WM, «rut result that boiler would show alter being run for seven 
^ vvbt years, with the surfaces both inside and outside coated 
^kSTvet extent, and with cold water pumped into it. Some- 
tf^M* ego Mr. Schdnheydtr tested some boilers for him, Mr. 
IjMfk:, end found that after seven years' working, although the 
KMthr I'll had naturally be<:ome dirty, the boilers were evapora- 
^)M lO'itS lb. of water per lb. of coal, from and at 21'^° Fahr., 
\mdt^ whl water as the feed. The boilers were Field boilers. 
TfW v'ii>'ulHtion in them was about as perfect as anything could 
1)1^. ftvw* Uie fact that they separated two columns of water, and 
wcwiilUKi the colder water to have a free chance of displacing 
Wk» ii^fa|«r column. He believed in Mr. Engert's boiler the 
Vlttinc flin'fi^^ "^^ about five hundred square feet, and that 
^WyMj- speaking he was evaporating about twenty cubic feet 
yjfimler por liour. That was not a very large quantity for the 
ftfe» v\f the boiler, taking into consideration that he had got a 
Mv tut)Kiusive brick setting, and either a very expensive 
ijfomiTTy, or Htili more expensive steam jets. He shoiild like 
W klh>w if Mr. Eugert had found any difficulty in cleaning out 

UT' Knokbt, in replying upon the discussion, said he had 
ttjpf \ 40 lb. of steam in three-quarters of an hour with an 
gf^^n* Hni when the boiler had stood for three nights and two 
jil|W^ »nd the water was almost cold. As to the air being takea 
^ \if tiic watoi-, the subject had been for years under the con- 
wJi'JOHiun of scientific men. It had been said that by means of 
^ii^tiw tho water in the boiler, 70 per cent, of the nitrogen was 
iM(v4v3 with the stoam, and that set free the oxygen, which did 
<m> tt(t>it1iir p)i e damage in a boiler explosion. It must 

HM W li^rifii in the Galloway tubes incrustation took 
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place because the tubes were conieal and Bteam was formed 
■within by the heat penetrating and leaving the solids behind. 
That in fact was well known. He had spoken to many engineers, 
and their testimony was that Galloway tubes had actually burnt 
through on account of the corrosion and incmatation within, as 
they could not be cleaned. He had no objection to Galloway 
tubes, or the various other tubes, but when a tube waa long 
and conical the heated water therein expanded and steam was 
formed. That was a very different thing i'rom the short vertical 
tube, in which no expansion could take place. The water was 
over-heated, and by the short vertical tube it was driven out in 
rapid succession, and on the top the steam was formed, leaving 
the tube clean. The boiler was fed with the river Lee water. 
His other boiler was fed with the same water in the ordinary 
way, and every three months it required three or four days' 
chipping. In the ease of his new boiler he bad never used 
anytning for keeping it clean, except a little soda ash, and 
merely washed it out. Wbat he had said respecting mechanical 
stokers was not bis own statement, but a quotation, and he was 
certain he could find cases similar to those mentioned. The 
cleaning between the two tubes in the flues in his boiler was 
very easy. He had a machine similar to a chimney-sweeping 
apparatus, and that was put together and the boiler was cleaned 
with the greatest ease. As to the cost of the boiler, it was 
made at the same ratio as boilers of other shapes with tubes, 
and the tubes could be taken out at any time if necessary. 

The President said they had listened to a very interesting 
paper. It had touched upon various points in connection with 
feeders and boiler-making, besides their cost and the consump- 
tion of fuel in their furnaces. They had also been reminded of 
imaginary gases which had sometimes been the supposed causes 
of explosions. It seemed as if the gases in the boiler cropped 
up as a convenient reason for explosions when nobody knew 
their real cause. He had seen a small boiler with glass windows 
at each end ; and by putting a light at one end, and looking 
through the other, and raising the steam, he could see how the 
action of coiling took place, and that experiment waa exceed- 
ingly instructive. The water remained perfectly quiet until 
the valve was raised and allowed an escape of steam. Then 
immediately water entered into a state of violent ebullition. 
That showed that water could be raised to a high tempera- 
ture and yet remain equally still as in the spheroidal state, and 
then any lowering of the pressure caused a very large quanti^ 
of steam to be set free from the water at a moment's notice. If 
the same experiment were tried on a large boiler the effect 




&i^ wkidi ke eonld take tlie steam, to pveffoil uty Tiolait ebtd- 
I^asflf «sta«nd the eairnug orcrfrf' water is s state of ine 
■iihaaifal dhriskn with t&e steam, <r- the wofae erfl of pzna- 
m^ The oJd beam engines were always pJaeed h^i above 
thor bralen, and if aaj water entered the |»pes, itd natoral 
ttoAatej was to return to the boiler ; but in the present day 
^ ^ f mra wne too oAen pat od the floor, and any water passing 
orer ftom the boiler necessarily flowed into the cylinder of the 
engine, to the destmction of economy if oot of the engine itself. 
In that reepect he thought the old engineera were in advance 
of those of the present day, for they knew quite well how to 
{■erent any injary to their work by spray passing OTer with 
steam, whereas tfae modem nsers of engines too often neglected 
tbe most obTions precaations. 
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April 7th, 1884. 

ARTHUR RIGG, President, in the Chair. 

AN INTERNATIONAL SYSTEM OF MARINE 

COURSE SIGNALLINa. 

By Captain Wm. B. Barker, U.8.A. 

At a time like the present, when the attention of the Legis- 
lature and of the whole country, if not of every country 
possessing a mercantile marine, is directed to the question of 
increasing the safety of navigation, it will not be out of place to 
bring before the Members of this Society a means whereby the 
author conceives that safety may be materially enhanced. It 
is true that the broad question at issue is the loading of cargo 
vessels with regard to tneir stability, which question — that of 
Btability — ia a new one, and as recently stated in the Times by 
one of your Honorary Members, Sir Edward Reed, of its 
bearing on the loss of missing ships and their crews for years 
past, when carrying grain and otlier homogeneous cargoes, 
■' probably neither the owner, nor the builder, nor the under- 
writer, nor the master, nor the mate, nor the crew, nor the 
Board of Trade (until recently) ever dreamed." It is also 
equally true that there is another cause at work bringing dis- 
aster to our ships, especially iu times of fog, and that is the 
Tery incomplete and inefficient system of signalling which 
■ obtains at sea, and of which the author has had sufBcieot ex- 
perience to justify him in condemning it in the strongest terms. 
It is this latter phase of this most important public question 
that he proposes to deal with this evening, first pointing out 
the merits and demerits of the sound signals at present pre- 
scribed for the guidance of vessels in fogs, the same being 
recognised generally by the mercantile world, and afterwards 
describing his own mechanical and automatic soimd signalling 
apparatus, and his A B C system of course signalling. 

First, tiien, the ordinary system. For ocean-going steam 
vessels the sounds are as follows:— One prolonged blast of a 
steam whistle when under way surrounded by fog, at intervals 
not exceeding once every two minutes. Should it be deemed 
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necessary to deviate from the poiirse being steered, if to tlie 
right, that is to sny if the helm baa been ported, one short 
blaet If to the leff, (ising starboard helm, two short blasts. 
If moving full-speed astorn, three short bJagta in rapid succes- 
sion. In dealing with the tiret signal, one prolonged blast, as 
Ereacribed in Article 12 (a) of the rules and regulationa issued 
y the Committee on the Eule of the Road at Sea, and inter- 
nationally recognised, it nill be necessary to draw attention to 
the fact that the vessel making this signal is entitled to be 
moving on any one of the thirty-two points of the compass. 
The officer in charge making thia compulsory signal, is also 
governed by what ia internationally known and recognised as 
the rule of the roiid at sea. Thia rule of the road simply de- 
flnPB the right of way to each vessel when they meet, giving 
one the right to hold a steatiy course, and instructing the other 
to pasH clear, regardless of nationality. It will here be neces- 
sary to proceed to digest this rule of the road as it exists to- 
day, giving it (wherever found) all the merit due to it, but 
pomting out ita radical defects and lack of comprelienEiveness 
for the due fnlfllmerit of the purpose for which it ia ostensibly 
designed. In broad daylight the officer in charge of a steam 
vessel crossing at right angles is instantly alive to the fact 
that the crossing vessel has the right of way, and that it is his 
duty to puaa clear of her. Should she be moving parallel with 
liim, and on his starboard bow, it becomes the duty of both to 
pass clear, as they undoubtedly would in broad daylight. Thia 
18 all very well when the vessel can be seen ; but may we not 
ask why one vessel moving through fog should be conceded a 
right of way wlien in close proximity to another, unless the 
first makes Known the approximate course she is steering, for 
the reason tliat in some instances starboard helm is required to 
pass clear, at other times port helm, in order to achieve that 
result? One short bltist may be signalled and the helm 
ordered to port, at the same time inviting destruction, whilst 
if the course of the vessel whose signal caused that alteration 
had been known to the one making it, two short blasts might 
have been sounded, and the helm ordered to- starboard. It is 
therefore fair to conclude that one prolonged blast of a steam 
whistle in fog is only serviceable if used to call attention to a 
steam vessel in distress, and should at all times be approached 
with caution. 

Some few months since the Morning Post published an 

' article written by Captain T. G. Bowles, who, from the manner 

in which he bandies the question of the rule of the road at sea, 

must convince nautical men that he fully realises the import- 
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B of ft more simple anil effective system by whicli officers in 
rge of vessels may be enabled to commiiuicate their inten- 
tions to each other. Captain Bowles writes : — " In conclusion 
I would say that the suggestions I have made are the results 
of my being driven to desperation by the confusion which 
the existing code presents, and by the difficulties I have myself 
experienced when at sea, and reaponaible for the conduct of my 
vessel, in referring to, collating, comprehending, and acting 
upon, the present rules. If I be charged with presumption 
in setting up new rules of my own in opposition to those laid 
down by the Orders in Council, I would humbly submit that it 
is probably less presumptuous, and certainly it is more useful, 
to submit alternative rules, than merely to criticise and con- 
demn those now existing. And in this, which is a practical 
matter, it would be at once idle and injurious to destroy by 
mere criticism, unless one were also prepared at the same time 
to submit rules which in their turn may be exposed to criticism. 
I present my suggestions, however, less for their own sake than 
in the hope that they may lead to a reconsideration and im- 
provement of the present code, before the latter is riveted on 
us for ever," 

It may be as well here to direct attention to various opinions 
as to the best methods of arriving at a solution of this important 
question, and in submitting some of the codes that have been 
suggested as practical remedies for the so-calied international 
system just alluded to, to give, aa fully as time permits, an 
impartial consideration to their merits and shortcomings. The 
first will of course be found to have been amply described, and 
dwelt on by their authors, whilst the latter have been venti- 
llated at the meetings at which they have been brought forward, 
md by the Press, of this and of other countries, la the first 
^ce the author will refer to a paper read in 1883 before the 
bfititution of Naval Architects, oy Mr. J. Macfarlane Gray, a 
■ mtleman well known, and whose opinions aie deserving of 
ject and attention, both by virtue of his experience and of 
" ' 1 position in relation to the mercantile marine. The 
»per in question was on " Fog Signalling," and after referring 
what Mr. Gray justly designates " the crying need " there is 
jf some international code of signals by which a vessel in a fog 
knild communicate to vessels in its proximity, more accurately 
I is now done, the direction in wnich it is moving, he pro- 
sds thus: — 

" I have not any complete system of fog signalling to lay 
More yon, but I know there are many now engaged upon this 
nblem, and I have some remarks to make on details, which 



50 AN EKTEBNATIDNAL SYBTBU OF MABINE GOUBSE SIGNAIiLma. 

I think of importance, to be attended to in any Hueb Bystem : 
and by bringing these before this meeting a discUBsion may be 
provoked, bringing out other important points and an expres- 
eion of opinion as to the propriety of further international 
legislation. The following code of four blast signals can be 
taught in a few minutes to any one who can box the compass. 
It has only to be understood, it is not necessary or even advis- 
able to commit it to memory. I will describe the signals as 
for a clear note and a trill, which I will call U and R, For 
clear and trill, may be substituted short and long, or high 
pitch and low pitch ; the sounds U and B being the same as 
the words " you " and " are," the signals are easily spoken with 
these names for the blasts. 

" Any eighth part of a given line can be indicated by the 
word left or right three times; thus, left right left would mean 
of the lejl half take the ri^ht half, and of that again take the 
left halt! That would be the third eighth part from the left. 
In the same way, right left left would be the fifth, and right 
right left the seventh, from the left. If now, we had two such 
lines, we could indicate any of the sixteen parts by prefixing 
one word to tell which of the two lines the part is in. For the 
two straight lines we may substitute two curves, say the two 
semicircles of the compass card, and for right and left we have 
east and west ; to distinguish which of the two semicircles the 
part is in we have to say north or south. We may now put 
in K and TJ for these. The first blast would always be read to 
mean north or south, and all the other blasts will be read east, 
or else west. As there is an R in north and a U in south, say 
R for north and U for south. East is on the right of a map ; 
say E for east ; and as there is a TJ (or rather two) in west, say 
U for west. 

" Let the signal given be E U TJ E. The first blast R 
denotes the northern semicircle. The second blast TJ denotes 
the quadrant forming the western half of that semicircle. The 
third blast TJ denotes the four points forming the western half 
of that quadrant. The fourth blast E defines the two points 
forming the eastern half of the preceding tour points, or the 
N W by W two points. The R UTJE has evidently been 
read north west west east, When the principle of successively 
halving an already indicated arc and taking that half which is 
denoted by the blast is once comprehended, the mind itself 
provides a compass-circle diagram, which it divides, as indi- 
cated, at each blast, with the mind's eye fixed upon only the 
part indicated, without naming the parts. The compass circle 
having been di"''^'^d into sixteen parts, through the cardinal 
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I points, the middle of eacL division is a conrso witli ' by ' 
t oa the compass card. 




RUUU 


WbN 


URRR 


EbS 


KUUH 


NWbW 


URRU 


8Eb 


KUEU 


N WbN 


URUR 


SEb 


RUBR 


NbW 


URUU 


BbE 


BBUU 


NbB 


UU ER 


BbW 


ERUE 


NEbN 


UURU 


SWb 


BRRU 


NEbE 


UUUB 


8 Wb 


REBB 


EbN 


DDUU 


WbS 



N 



" There are optional signals of one, two, or three short blasts 
now in use, whereby a steamship under way is permitted to 
indicate to any other ship which she has in sight that she is 
taking a certain course authorised or required by the regula- 
tions. The only sound signals authorised for a steamer in a fog, 
when not having another vessel in sight, is a prolonged blast 
of the steam -whistle, at intervals of not more than two minutes. 
There is, therefore, really nothing in the regulations now to for- 
bid or prevent the use of such a code as that I have described, 
but as it would lead to great confusion if different companies 
arbitrarily adopted different codes, an international sanction 
ought first to be obtained for some code — the one I have 
described, or a better one." 

So far Mr. Macfarlane Gray ; but whether his elaborate code 
is each as to meet the requirements of the case, or whether it 
might in use tend to even greater mystification than the preseut 
Bystem, is for you to judge, always bearing in mind — and this 
IB a point of crucial importance, both for your own thorough 
appreciation of the whole matter, and as a means and test 
of judging for yourselves — how far the element of simplicity can 
be claimed for it or for any other system which may be proposed. 
The author next submits another code, in strong contrast to 
I tiiat of Mr. Gray, which will be amply sufficient to illustrate the 
r diversity of ideas on this subject, but which, nevertheless, tends 
I- to show that the authors are of opinion that a radical alteration 
L JB necessary. This code was communicated to the New York 
\ Serald in June 1880, over the initial " K.," the letter running 
I as follows ; — 

I "New Yoek, /une 17. 1880. 

I "To the Editor of the 'Herald.' 

I "In view of the recent terrible accident on the Sound, and 
r the narrow escape of the passengers of the Anchoria and the 
ih Queen, would it not be a good idea for captains of steam-vessels 
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in a fog to sound tlieir course immediately after the fog-signal ? I 
By adopting one whistle as north, two as south, three as east, [ 
and four as west, a signal would be made easy to recognise, and | 
a code formed which would require no study to learn, and which 
would be at once intelligible to any one familiar with the points 
of the compass. This code could be used equally well by 
captains of sailing-Tcssels, and by thus communicating their 
course, vessels would have no difficulty in keeping out of each 
other's way. For instance, 1, 1, 111 would indicate that the 
vessel was steering N.N.K., and 11, 1111, 11 S.W. by S. 
The only points where there would be any similarity of sound 
would be in N. by E. and N.E., S. by E. and 8.E., 8. by W. 
and S.W., and N. by W. and N.W. By blowing two signals 
for N.E., N.W., S.E. and S.W., this would be made sufficiently 
clear, and the danger of collision would be reduced to a 
minimnm. ■ 

" To make my meaning clear I append the signals for the 
points of the compass : — 



BbjE . 
BSE . 
BEbjB 



JS by W .. 
NNW .. 
NWbyN 
NW .. 
N Wby W 
WNW .. 
WbyN 



BbvW ,. 
8SW „ 
S WbyS 
8W .. 
SWby W 
we W .. 
W bj 8 .. 



Commentiug upon this communication, the editor of the 
Nautical Gazette rightly observes that several attempts have 
been made to iutroduce such a system, but the difficulty to the 
mind of a practical seaman is that each operator would have 
his own measurement of time between the blasts and series of 
blasts which form a signal, and hence " K-'s " system would be 
impracticable, and even dangerous. To be terse, ihere is too 
much of it. 

Having indicated the ordinary system of sound signalling at 
sea, and having directed attention to two propositions having 
for their object the improvement of this class of signals, the 
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author will in the next place describe his own invention, which 

IB illuBtrated by the full-sized working apparatus before you, as 

it would be applied on board ship. The apparatus consists of 

■■ three main parts, namely (1) & horizontal dial-plate, (2) an 

indicator and bell, and (3) a fog-horn, all three being in commu- 

. nicatioD, as shown in Fig. 1 of the engravings. The dial, which 

has on it a fixed index always pointing ahead, is placed on tbe 

bridge, and is under the control of the officer in charge. The 

I dial-plate can be revolved either to port or starboard, and on it 

i are engraved the cardinal points of the compass, and the prin- 

■ cipal subdivisions, N.B* S.E., N.W., and S.W. This part of the 

apparatus is connected with the indicator, which is fixed in the 

1 ■wheel-house in a vertical position, immediately in front of the 

f .steersman, who requires no other guide than the index on it. 

1 When the officer in charge wishes to alter his course — say to port 

— he gives the bridge-dial a slight turn. This strikes one uell 

in the wheel-house, which tells tiie steersman to port his helm, 

the precise course he is to steer being indicated to him on the 

dial in front of the wheel. This dial has, in addition to the points 

named above, eight others, N.N.W., N.N.E.,E.N.E.,E.S.E.,a.S.E., 

[ 8.S.W., W.S.W., and W.N.W. Instantaneous communication 

i is thus established between the officer and the helmsman in a 

I direct manner, and there is no risk of any mistake, as there is 

I in the verbal transmission of the word. But, beyond tbia, the 

t course the vessel is steering can be simultaneously and automa- 

t tically indicated to ships in her vicinity in a fog or at night by 

Doeans of the fog-horn, which is fixed on the deck, and is also 

connected with the dial apparatus on the bridge. This fog-horn, 

"""" h is shown separately at Fig. 2, consists of a cylinder, 

Qg a plunger worked by a rack and geaiing, and being 

1 with a series of cams and a valve to admit air. The horn 

B mounted on the top of the cylinder, and on the mechanism 

eing operated, air is compressed and afterwards released by a 

3 of cams, which cause the air to escape intermittently 

igh a valve, and so out through the horn. The signals 

insist of long and short sounds in various combinations, which 

e reduced to a. simple code of eight signals, giving tbe approsi- 

■fi course for the thirty-two points of the compass. Upon the 

ler turning the bridge-dial, tne fog-horn is locked to tbe code 

lal for the particular course to which the ship has been 

1, and it instantly emits the signal, which indicates to all 

vessels within hearing the exact course she is steering. 

Itoreover, the signal also indicates whether the ship signalling 

b a steamer or a sailing-vessel, for the system can be applied to 

ft either. 
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Such is the general charncter of the apparatus ; but, before 
describing his code, the author thinks it might prove interesting 
to the Members if he deSLiibed the coDstruction of the apparatus 



iINO. ^^1 

lefore ^H 
isting ^^M 




in detail. He would, therefore, observe, that one of the most 
important parts of the system is the disc or dial-pkte, which, as 
already obsc-- ' 's marked to correspond with the eight prin- 
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cipal points of the oompass-card, which relieves the officer of 
inking what signal is to be givea for any compaBS course he 




^ . lay mstantly wish to change to, thereby saving time, without 
liability to error. In the centre of this disc is a hollow ball, 
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for lioldiug a reed. A tube conveys the air to the reed by 
means of a port in the code cylinder, this cylinder being ground 
to fit air-tight, covering the pipe or tube leading to the ball, 
upon the top of which is the horn. The dial-plate hall and tube 
retain their position as locked to any particular signal, while 
the code cylinder is free to partially revolve, in order to open 
the port for admitting air to the bora. The cylinder containing 
the code cylinder and pipe is fitted with a plunger, having near 
its centre, and made fast to the rack, a tube or case for receiv- 
ing the code cylinder, whilst the plunger is ascending, in order 
that the plunger may move the full length of the cylinder. 
Overhanging this case, is a trip lever with a roller, for the 
purpose of operating on the cams on the code cylinder, and 
which represent the signal to be given. The trip lever presses 
loiind and holds the code cylinder in position while a signal is 
being given, but trips after the signal has been given, thus 
closing the port until it is desired to give a fresh signal. When 
the plunger reaches the top, the entire signal has been given. 
The ratchet-wheel, which is loose on the main shaft, then 
instantly disconnects the series of geared wheels used for 
compressing the air, and a drop valve in the plunger causes the 
same to descend until a pin fixed to the bottom of the plunger 
comes in contact with the'lever of the ratchet-wheel, when the 
series of geared wheels again become connected, thus causing 
the plunger to commence ascending, when the signal may be 
repeated. By changing the position of the dial-plate, a different 
signal may be given and repeated automatically. Our present 
regulations compel the use of a mechanical fog-horn on all 
vessels, but nothing is said about uniformity of signals, which, 
in order to ensure safety from collision, the author contends is 
one of the most essentijJ features of any system. 

With reference to his A B course signal system, the author 
would observe that his code is compiled upon the basis of giving 
the approximate instead of the actiihl courne, in order to simplify 
as much as possible the meaning conveyed by the signal given. 
It is from first to last systematically arranged, and is composed 
of eight signals, giving the approximate course for thirty-two 
point* of the compass. All signals beginning with a long sound 
show the course to be eastward ; those commencing with a short 
sound show the course to be westward. Signals ending with a 
short sound show the course to be northward, and those ending 
with a long sound show the course to be southward. K the first 
y and the last short, the course is from N. to E. If 



1 



the first is short and the last short, the c 



3 is from N. to W. 



If the first is long and the last long, the course is from E. to S. 
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The first Bound short and the last long gives poaitive proof that 
the course is from S. to W. It will thus be seen, as already 
stated, that the code is systematically arranged and 
mastered, aa shown by the following graphic delineation :- 

Steering East, 



Here, then, the author submits, is a, perfect mechanical auto- 
matic arrangement and a perfect code ; one, moreover, which is 
not only as well adapted for sailing-vessels as for steamships, 
but which has a distinctive character for each, so that no failure 
to distinguish whether it be a steamship or a sailing-vessel from 
which the signal proceeds is possible. This distinctive character 
is produced by a variation in the note emitted by the fog-horn. 
For example, the steamer would give a blast of unitbrm tone, it 
would, in fact, play upon one note, whilst the sailing-ship would 
give alternately a high and a low note. Any code for inter- 
uational adoption should be arranged to suit the maritime 
nations of the world, and not merely the requirements of vessels 
entering or leaving English ports. The instruments should be 
alike on each vessel, and the code to be used in fogs the same. 
When we sight a vessel's light at night, not anything is known 
of her nationality. Nor do we care to know, so far as clearing 
hep is concerned. All we want to know is, what does the officer 
in charge intend doing — hold a steady course or go to port or 
starboard ? This being so, how great the difficulty, in a dense 
fog, when we know of a steamer's presence, but nothing of the 
course she is steering, or the course she may be heading — when 
we hear her signal one blast to port or two to starboard, as the 
case may be. Article 12 (a) of the Rules and Hegulatione 
might instruct all officers of vessels, when surrounded by fog, 
to sound the approximate course the vessel was heading, instead 
of compelling them to sound one prolonged blast of the whistle 
vhen moving on any one of the thirty-two compass points, which 
only warns each of an approaching danger, and is only cleared 
by paying the strictest attention to the location of sound. 
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Having now directed attention to Bome of the different 
systems proposed for preventing collisions at sea in fogs, the 
author would obacrve that in his judgment it is necessary to 
have the two qualities of uniformity and simplicity internation- 
ally recognised before deciding on the adoption of any particular 
code. If every maritime nation used the same signal for the 
game purpose, then the mariners of England would speak an 
intelligible language to those of every other nation in the world, 
and the more simple such language or code can be made the 
better it will prove in the common interest, as the sounds would 
at once be understood and acted on. In fact, these two points 
of uniformity and simplicity are the most important factors we 
have to dew with, constituting, as they iudigputably do, the 
gist and backbone of the whole question. This is at once 
apparent when we consider that at present, in endeavouring to 
clear a vessel, we are compelled to act on an opinion founded 
entirely on such an instantaneous judgment of het position as 
it may be possible to form from the one prolonged blast heard 
from her. In fact, there is no disguising the actual position in 
which under such circumstances the officer in charge is placed. 
He is risking a movement founded on a hasty opinion, hoping 
it may be right. Is it not, therefore, painfully apparent 
that he should be relieved from such anxiety and unnecessary 
responsibility as this uncertainty involves, by affording him the 
means of definite knowledge, instead of leaving the degree of 
danger a matter of opinion ? It may be that he possesses ex- 
perienced judgment, but which, to say the least, is liable to 
err, and from that error arises calamity. If a red light is seen 
on the starboard bow of a vessel on a dark but otherwise clear 
night, it is known that danger is threatened, and such precau- 
tions are taken to avoid it as the rule of the road lays down for 
the officer's guidance. But what is the situation when no red 
light is visible? And yet the vessel carrying it and exhibiting 
it occupies the same position relatively to his vessel as in the 
proposition the author has just su^ested. What safeguard is a 
light of any colour at such a moment, when even seconds are 
pregnant with the fate of possibly hundreds of Uvea, if, in a fog, 
our warnings were derivable from colour alone. Let there, then, 
be sounds as intelligible in the gloom as colours are in the clear, 
and, combined with compass-cards, the same in principle on 
vessels of every nationality. With such a system let us see to 
what extent the change would operate for the better so far as 
the officer in charge is concerned. Under the existing condi- 
tions his probable state of incertitude has been shown. Ui ' 
the altered conditions we have really a changed man ; 
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why? Simply because he has confidence in the order he 
transmits, and in the method of its transmission. The first he 
knows ia the correct order, and the second he is absolutely 
aware cannot be tempered with, or altered, for the reason that 
hie will actuates directly the signal itself, without the inter- 
vention of any person or thing liable to error, or the possible 
misconstruing of what is involved from his own construction of 
that which he hears. It is, in fact, much as though A re- 
sponded to an intimation irom B that he was going to John 
o Groats by the information that he (A) was bound for the 
Land's End. 

It must be evident to all that sound alone is the means by 
which messages may be transmitted in fog ; at all events, there 
is not at the present moment any other method which can he 
said to be available for that purpose. The author does not 
even except lights apecrally designed for the purpose of over- 
coming the difficulty, which in many fogs would only be visible 
at B very short distance indeed. Even the powerful electiic 
ray is not able to penetrate and illuminate the atmosphere at 
8uch a time sufficiently to enable us to rely on it as a means of 
avoiding danger. We should therefore mate those sounds 
intelligible, otherwise vessels approaching each other would be 
simply playing a game of hide-aiid-seek. But, given a definite 
language and the means of speaking it, whether it be an 
English, an Italian, a Russian, or a Turkish vessel whose aign^ 
was heard, the various nationalities would at once and always 
understand each other. 

It may be urged that some difficulty may still arise in localis- 
ing the sound, and that a great deal may still he left to judg- 
ment in this respect. In fact, some hold the opinion that 
Bound cannot be localised, and that one cannot define its exact 
position in a fog. Not does the author think sound can be 
localised when proceeding from a steam-whistle which is the 
centre of a sound-wave which radiates equally all round the 
horizon ; that is, with equal force in every direction. But from 
a properly shaped bell-mouthed instrument, capable of being 
turned in any required direction, the sound ia bound to be pror 
jected with greater force, and with special concentration, in the 
direction in which the bell is turned, and this concentration and 
special direction is susceptible of largely increased value hy the 
use of a sound-reflector, permanently attached to and moving 
with it. Officers as a rule look out for danger ahead or on the 
bow, and it is there the bell of the horn should point, but the 
steam-whiatle will throv? sound aa far astern as ahead, unless 
placed close to, and in front of the smoke-stack. 
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In conclusion, the author would once more impress upon hie 
hearers the vital importance of some well-defined system being 
made mternational. Whether it be his own or any other, in 
order to entitle it to such a proud position, it should possess pre- 
eminently the qualities of reliability in operation, and simplicity 
and universal intelligibility in the language it speaks. The 
adoption of such a system could not fail to reduce collisions in 
fogs at sea to a 
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Mr. H. Stopes said he was an occasional traveller, and in 
that way only was subject to the risks of the sea during fog, 
but he had sometimes experienced great alarm when on board 
a steamship becalmed in a fog. He remembered that on one 
such occasion he was steaming among the isles of the Grecian 
Archipelago, and they not only bad the danger of a very in- 
tricate channel, but also the constant apprehension that they 
should have vessels of various nationalities running into them. 
For seven or eight hours they were in a fog, and the signal 
was constantly sounded. While under the constant apprehen- 
sion of a collision, it occurred to him that it was absurd that the 
only mode which they had of communicating with other vessels 
was by pulling a string and making a whistle sound. He 
thought that such a simple and ingenious and excellent ^stem 
as that which they had just had explained to them, could not 
be otherwise than of great value to all if used. It seemed ab- 
surd that they should be subject to restrictiona in the matter 
of the communication of ideas in consequence of there being no 
universal language. In this particular matter a universal 
language could be at once introduced, seeing that if Captain 
Barker s code was adopted, every man, no matter what his 
nationality might be, could readily understand the signals and 
the movements of all ships in his vicinity. 

Mr. Perry F. Nuesey said that he had watched the deve- 
lopment of Captain Barker's invention with a considerable 
amount of interest for four years. Four years ago the inven- 
tion was only developed so far as the signal-sounding apparatus 
was concerned. Since that time it had been brought to what 
he considered to be its present very perfect condition, by the 
addition of the means of signalling from the bridge to the 
steersman and sounding the signalling apparatus automati- 
cally. He thought there were none present who had seen the 
■hanism who would not agree that it was highly ingenious, 
h regard to the nautical points, it would no doubt be 
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interesting to the meeting to hear the opinionB of nautical men 
preBeat, aud he hopfd Uiat they would have the pleasure of 
hearing them on the subji?et. Having interested himself in 
the apparatus and in getting Captain Barker to read the 
paper, lie had spoken to one or two nautiral friends on the 
question, and they had expressed strongly favourable opinions 
with regard to the Barker system. He thought that all would 
agree that if this or any other system was to be of any practical 
utility, it must be made international, for upon a universal 
langna^ depended the safety of the navies of all nations. 

Mr. Joseph Bernays said he could understand the use of 
codes for the general purposes of sailing ; hut he should have 
thought that, when two vessels met each other, the mere fact 
of their going starboard or port would be quite sufficient to 
indicate to one another whicli way they ought to steer, and 
therefore he did not quite see why in a fog they should require 
more. He should like to know why it was that when two 
vessels were likely to meet each other a simple signal showing 
whether they were going to the right or to the left would not 
be sufficient, and why they must have a system of thirty-two 
signals to choose from, instead of only two or three. 

Captain Baeker, replying to Mr. Bernays' question, said 
that at the present time steam-vessels moved through a fog 
upon any one of the thirty-two points of the compass, and always 
sounded the same signal, so that it was utterly impossible to 
tell whetlier they were approaching or going away, or whether 
they were overtaking. By the signals at present iu use the 
captain of a vessel could not tell whether a steamer in his 
neighbourhood was crossing his how, or simply runuing parallel 
with him. If he put his helm to port and gave a short blast, he 
might run right mto the other vessel, or the other vessel might 
run into him. The object of a system of course signalling was 
to convey definite information as to the direction in which a 
vessel was going to steer. There was one point which he 
should like to impress upon engineers. When a steam-vessel 
was running through fog the officer in charge was standing on 
the bridge, and he was just as an}:ious to save his life as any 
man could possibly be ; and he was also anxious to save the 
life of the engineer ; but the engineer waa down below attend- 
ing to the orders which were received from the officer in 
charge. If a collision occurred and the vessel went down, the 
engineer would be likely to go down to the bottom with it. 

Mr. Prince asked how far the sound of the fog-horn would 
reach. 

Captain Bakkee said that depended somewhat on the 
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of 14 IbL to the sqture incli : bat be used ttie air very econo- 
micaUjr. The bora he exhibited coold be heard If mile. By 
pattiDg OD a doable-acting air-pomp, driveo by the same gear, 
they could easily get a pressnre of 20 lb. per square inch, with- 
ont makiag it too laborious for any man to work. A pomp 
which he now had on one machine ooald nitb a slight altera- 
tion be made to compreaa the air from 20 to 25 lb. per square 
inch. He claimed that a signal coold be beard from bb fog- 
horn for a distance of '2 miles. 

He had hitherto been tAlHTig aboot fc^s, bnt a great many 
coUisioiis occurred at sea at night when the weather was clear ; 
and as ships' lights were at present arranged they could be 
seen over a range of ten points of the compass. He had an 
apparatoa consisting of screens so arranged that a ship's light 
would be cut off at thirty degrees, so that there might be less 
uncertainty with regaia to the course ehe was steering. 
[Captain Barker here exhibited a model of the arrangement 
and described its application]. He added that in 1860 the 
Brethren of the Trinity House were discussing the subject 
of signalliog, and one of them said : " It may be assumed that 
however well ships might be supplied with the means of making 
Buch signals, such ia the negligence of seamen that they would 
refrain from nsing tbem at the only times when they conld do 
so with advantage." The answer to that appeared to him to 
be that the extent of their use would be measured by the 
bandiuess and the simplicity of the signal itself Ever since 
the year I860 the Trinity Brethren had been endeavouring to 
obtain some method for preventing collisions at sea, but they 
had not found out anything yet. He, Captain Barker, first 
went to sea in 1853 and had been on the sea nearly ever since ; 
and all tbat time they had been using the same kind of 
signal for sailiug-vessels in a fog. 

The President, in closing the discussion, said tbat it was a 
matter to provoke the astonishment of landsmen that the 
intelligent and clever men who had been going to sea for so 
many years bad not succeeded in inventing some complete 
system of signals, whereas that had been done with regard to 
railways long ago. The necessity for an intexnational arrange- 
ment bad been very well insisted upon by the anthor of the 
paper; and there was no doubt whatever that if any inter- 
national system ought to be adopted by the principal maritime 
nations of the world. Captain Barker's arrangement appeared 
to be the one for use, being simpler and very much to the 
point. Captain Barker had said it should not be adopted at 
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list ports alone, and that remark was perfectly true, but 
at the same time, any arraneement whicli would suit the 
English nation with its extended commerce, would tolerably 
well suit evei-y other nation in the world. If they once began 
to deal with the subject by means of an international council 
they would come to almost hopeless confusion. For instance, 
the French would probably want something which seemed very 
scientific, and a great deal too clever to work. K England and 
the United States were to settle upon a practical system of 
signalling, the chances were that the other nations would adopt 
it. Then they would have a system of signalling at sea by 
which every one could tell the direction in which vessels 
■were steering. 

As a matter of some interest he had made notes of a few 
experiments which Professor Tyndall carried out in 1873, at 
Dover, to ascertain the permeability of the atmosphere during 
fogfl and during clear weather. In those investigations Pro- 
fessor Tyndall found that a number of circumstances had 
entirely escaped previous observation, or at least had not 
been published. He ascertained that the permeability of the 
atmosphere to sound appeared to increase almost in direct 
proportion to the thickness of a fog. During a clear day, 
when they could see the signals perfectly, they could hardly 
distinguish the sound for more than one-t«nth of the distance 
that it would be heard during a fog. For instance, on the 2nd 
of June, 1873, the day was brilliantly clear, and the steam-horns 
which were used in those experiments were heard only two or 
three miles. On a succeeding cloudy day they were heard beyond 
nine miles. On the 25th of June, guns which under the same 
circumstances were inferior to horns were heard at a distance 
of 5j miles. On the 1st of July, which was a dull day, a 
rotating horn was lieard at a distance of 12J miles. On the 
3rd of July the cliffs could be seen at ten times the distance 
at which they were visible on the 1st of July ; and yet a horn 
was heard at a distance of only 2 miles ; and a singular 
effect was experienced, viz. that the sound was reflected back 
towards Dover from a transparent atmosphere. The 8th of 
October was a fine morning, and the horn was heard at only 
5^ miles. Later on in the day there occurred a violent storm 
of rain and thunder ; and the horns were then heard during the 
intervals, at 7i miles, better than they were heard before at 
5J miles. It was discovered that by varying the pitch of the 
horns at different times on the different days a considerable 
change was made in the distance at which they became audible. 
From these experiments several conclusions were drawn. One 
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waa that sirens transmitted Bound better than any other 
inBtrumente in rough weather. Another conclueion was that 
rain, fog, and storm, so far from hindering sound, were rather 
conducive to ita transmission. It was a singular advantage 
with regard not only to Captain Barker's, but to every other 
system of signalling, that, as lights became less visible, the 
penetrative power of sound increased. The laws of acoustics 
seemed to come in singularly well in this respect, in accord 
with those of h'ght, in assisting the mariner if he would only 
take advantage of the laws which existed for his benefit. The 
meeting was very much indebted to Captain Barker for hia 
interesting description of the signalling apparatus, and for the 
experiments by which he had illustrated its operation. 
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May 5th, 1884. 

AKTHUE EIGG, President, ih the Chaib. 

THE ENGINEERING OF MALTING. 

By E. Stopes, 

Few extensive industries in this country have called into play 
[ the inventive faculty of the engineer so little as malting. 
Probably no other industry has dealt for so many ages witb 
Taat quantities of material, entirely independent of the aid of 
even the simplest of the mechanical motions. The majority of 
maltsters for ages have gone on making malt, generation suc- 
ceeding generation, apparently content to perform the whole 
work by manual labour, aided by two, or at the ontside, three 
tools of the simplest and rudest character. The chief imple- 
ment was probably 'be first that civilised man made, or perhaps, 
more correctly speaking, that first helped to civilise man, viz. 
a shovel or spade of wood. All this, however, is now changed. 
Malt-houses are rapidly becoming filled with appliances and 
implements of a high character, and the buildings are beginning 
to be regarded as a fit subject for scientific consideration by 
engineers. We can accordingly now speak of the engineering 
of malting. 

As this is, however, the first paper that has been presented to 
this Society upon the subject, it may be desirable briefly to 
describe what malting is, and to glance at the salient points of 
its history. Malt is any corn, grain, or seed which can be 
artificially germinated within certain limits, so as to admit of 
particular influences affecting the constituents of such corn or 
seeds to be developed at the will of the maltster. The analyses 
given in the table on page 66, show the value of the changes 
induced by malting. 

The most noticeable feature is the slight amount of starch 
actually converted to sugar in malt, and the readjustment of 
the molecules composing the starch and soluble albuminoids, 
commonly called diastase, in such a form that the conversion 
of starch into sugar is readily eflected by the addition of 
moisture ; hence the apparent sweetness of malt to the palate. 
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^^1 The curious and beneficial properties commiuiicated to seed, ^^| 
^^M and especially some of the GraminaceGe, hj germination were ^^| 
^^M discovered at a very early stage of man's dcTelopment. No posi- ^^| 
^H live evidence of the existence of malt has yet been furnished ^| 
^H from the debris of the Swiss Lake dwellings, but it most pro- 
^H bably wiU be some day. Many classical writers of antiquity 

^^1 races of Eurooe, Asia, and Africa. Herodotus attributed thn ^^1 
^H invention of beer to Isis, wife of Barneses II. ; Pliny, Aristotle, ^H 
^H and Strabo speak of it, and Diodorus afdrms that some beer ^H 
^H was so oalatable as to be scarcelv inferior to wine. As Plinv ^H 
^H speaks of liquor made from steeped coin, and Hilkinsou lound ^H 

^^M generally used, and consequently it has a very high antiquity. ^^ 
^H All the nations of Europe in earlier ages made beer, and the 
^H consumption of malt in Europe alone has been truly immense 
^H for upwards of 2000 years. The process of manufacture de- 
^^M ecribed by Geopinus indicates tliat it was, to all intents and ^H 
^^1 purposes, made oy the ancient Britons in the same manner as ^| 
^H m many hundreds of primitive maltings in Europe and our own ^M 
^H country at the present moment. Maltings are working at this H 
^H hour which employ no other tools and do not make any better H 
^H malt than described by William of Malmeebury, made by the H 
^^r monks of many midland monasteries in the time of Henry II. ^M 

of England. ^H 
At the time when malt liquor formed the staple and almost ^M 

exclusive drink of the Teutonic races, the consumption of malt ^M 
^H was, as already noted, large. Two centuries ago, when the popu- 
^H lation of this country was only 5,000,000, the quantity of malt 
^M made was 30,000.000 bushels per annum. One century later, 
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1 the population was under 10,000,000, the output of malt 
upon whim duty was paid was only i!8,000,000 bushels ; and 
during the last year of assessment of the malt-tax (1881), with 
B population of nearly 35,000,000, the amount of malt made in 
Britain was only 60,000,000 bushels, producing a revenue to 
the State of 8,000,000/. sterling as beer duty alone. 

The quantity of malt consumed in Europe and America is, 
approximately, considerably over 200,000,000 bushels per annum 
— tor, in beer-making only. Great Britain consumes annually 
over 50,000,000; Austria and Germany, over 60,000,000; 
Trance and Belgium, 20,000,000 ; Kussia, Holland, Denmark, 
Sweden, Norway, Switzerland, Italy, and Greece, collectively, 
over 13,000,000 ; and America, over 24,000,000. There is also 
_ 3 quantity used for making spirits, bread, cattle-feeding, 
and many other purposes. At the lowest computation, the 
' capital embarked in malting may be estimated as follows : — 



—a total of 30,000,000/. permanently invested. As the raw mate- 
rial can be purchased only once each season, the value of the 
corn used is not double the working capital employed, bo that we 
may assume it to be at least 25,000,000/, The number of men 
actually engaged in the business cannot be under 30,000. These 
figures indicate the importance of the industry. Owing to the 
repeal of the malt-tax throwing open the trade in such a manner 
that every legal restriction to rational working is removed, an 
opportunity is afforded to the maltster to call in to his aid the 
inventor and engineer. This many maltsters are already doing, 
and the trade is undergoing a complete revolution ; for, with im- 
proved facilities for rational working, scientists are aiding prac- 
tical men to dbcover the right conditions that should surround 
any com during the process of conversion into malt, and 
devising such apparatus and machinery as are able to cause and 
control these conditions when determined upon. 

The Engineering of Maltiko. 

This may be conveniently divided into two sections : — 

I. The buildings necessary for making malt, and their con- 
struction. 

II. The apparatus and implements used by maltsters. 

Both sections may be subdivided into the natural classes of — 

(A) The ordinary English and Continental systems of malting. 

(B) Pnenniatic malting. 
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(C) The manufacture of black, amber, crystal, and other 
Bpecial malts. 

(D) The gelatmisatioQ of rice or maize and other processes 
of preparing gram for brewers' use. 

The English systemj briefly, is steeping com in an open 
veBsel, genninating it upon flat exposed floors at very shallow 
depths, and drying upon an open-fire kiln with single floor at 
£roin nine to twenty-one days after steep. The Continental 
system differs in steep, position and depth of floors, time and 
mode of drying. Pneumatic malting is absolute control of 
the conditions of tlie air supplied to growing grain, and its 
consequent modifications of growth. 

MalTINQS and THEIB CONSTEOOTION. 

Maltings belonging to classes A, B, 0, and D have only 
two things in common : they must all be able to receive and 
moisten grain, and finally dry it. All malt-houses belonging 
to claaaes A and B Lave this further in common ; they must 
secure conditions more or less favourable for the proper germi- 
nation of com up to a certain limit, prior to the drying process, 
within a given range of {«mperature. These conditions are all 
subject to definite limitations of heat and of circulation of air. 
Simple as they appear to be, they present scope for an almost 
infinite diversity of arrangement of building and modes of 
construction. Coupled with the due consideration of solidity 
of building and economy of labour, they cover the whole sphere 
in which tiie engineer can serve the maltster, or, in other words, 
they embrace the whole of the engineering of noalting malt. 

The simplest form of malt-bonse possessing any capacity for 
work is a plain two-story building, having attached to it a kiln 
or drying^ouse, and consisting of a ground floor of clunch, a 
biick sleeping-cistern, and a first-floor of timber, with or with- 
out partitions for separating the stored grain or malt. The 
only implements are a wooden shovel and a winnowing-fan or 
sieve to separate the roots or " combs " from the malt prior to its 
use in the orewhouse. The author has seen malt made in Italy 
in an open court or loggia, where the barley was steeped in a tub, 
allowed to germinate upon the stones in the open air, and dried 
in a small lean-to building, with only a hole in the roof for the 
exit of smoke and vapour. Thi.s was furnished with a floor of 
perforated sheet iron and a furnace similar to that used under 
an ordinary washing copper in arr English scullery. Even more 
primitive operations are performed in Nubia, as there millet, 
a malted, is dried in tne sun. Such rude malteries concern 
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«8 only 80 far that they occupy the lowest end of the scale, and 
indicate the necessity for moiature, growth, and curing or 
drying, the three essential conditions of making malt. The 
opposite of these houses is the grand malt-honae of M. Bonnette, 
of Troyes. The vast diversity of buildings filling in the various 
grades of the long scale of which these form the ends, are of use 
to the engineer who knows them all sufficiently to direct him 
in the scientific appreciation of his duty when called upon to 
constract a malting, to devise the machinery to minimise the 
labour of its working, or to invent and construct such apparatus 
aa shall absolutely control the conditions of the material treated, 
throughout the whole of the period that it is in the building. 

The best description of building for any malt-house is a com- 
bination of stone, brick, concrete, iron, and timber, aa each of 
these naaterials possesses advantages special to itself for each 
particular purpose to which it is adapted ; nevertheless, other 
materials can be used. A malt-house may be constructed in 
almost any position, and of nearly every form of building or 
arrangement of separate buildings that may appear to suit 
Bpecial sites or particular positions. A right consideration by 
the architect or engineer, when he is in a position accurately to 
estimate the force and true value of the conditions which have 
been specified, would prevent the absurd and wasteful structures 
that can be so frequently encountered in all parts of Europe, 
in which malt of an inferior character is necessarily manufac- 
tured, owing to the impossibility of maintaining, throughout the 
somewhat lengthened process of making malt, all, or perhaps 
any of the essential conditions. 

A good malt-house of fair size belonging to class A is most 
conveniently and favourably worked if it consists of one main 
building of three stories — two kilns, and a com or malt store. 
If adjacent to a brewery or distillery, the basement may be used 
aa a cellar or bonded warehouse, and power may either be taken 
from the brewery or other engine, or (preferably) steam con- 
ducted from the boiler of the brewery to a small separate engine 
fixed in the malt-house. Kthe building is isolated, then a small 
and separate engine and boiler is desirable- 
Power is of little real utility in any malting of this class steep- 
ing less than 400 quarters per month. Those steeping from 400 
to 600 quarters per month can conveniently be worked by a gas or 
hot-air engine, out every malt-house steeping 800 quarters and 
upwards per month should possess steam power. Every size 
and description of malting belonging to classes B, 0, and D 
should have power, preferably steam, although some are worked 
by manual labour. Under certain favourable conditions water 
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power is applicable, and it ia lamentable to find in how very 
few cases it ia utilised. Hitherto, engineers have been called 
almost exclusively to advise upon and construct the motora in 
maltings, and the appliances for cleaning or moving grain. 
The day has at length dawned when their opiaions and advice 
as to the best modes of securing and rightly maintaining the 
conditions already set forth as necessary are of great and 
distinct value. The field is not a very vast one, yet it is suEB- 
cieatly great to offer ample rewards to a number of such engi- 
neers as are fitted to fill it, and an industry which in our land 
has almost stood still for several centuries will feel the quicken- 
ing impulse of well-trained scientiHc thought directing its 
operations, in preference to the crude rule of thumb or practical 
ignorance that until so very lately pei'vaded it. It will be 
desirable now to proceed to point out what the engineer is 
called upoQ to do step by stiep through each division into 
which, for convenience, the ' ' ' 



iubject is divided — commencing 



with the simplest. 

Section I., Class A. — English Malt-houses, Old Plan. 

Malt-houses of this class are very rarely built of a size smaller 
than what ia technically called 15-quarter3 steep, i. e. they st-eep 
or wet every three and a half or four days 15 quarters of grain, 
which gives a capacity of 120 quarters per month of malt made. 

As houses of this character usually work for only seven or 
eight months, their total capacity fails short of 1000 quarters 
per annum. In many cases, houses of this size are worked by 
one man entirely, who for the four summer months commonly 
follows some other craft, such as thatching, bricklaying, or the 
like. When malting commences in October, his duty is to 
receive the barley, screen and pass it into the cistern, steep, 
then couch and floor it, raise to the kiln and dry it, tread, 
screen, store, and again screen it, and measure into sacks for 
use. All this, involviug constant attention, skill, and care, is 
performed for the wage of from 143. to 20s. per week, or say 
from 281. to iOl. pet annum. The value of the malt made on 
Rn average would be over 2000/. The difi^erence in value of 
MUoh malt, if well and intelligently made, or carelessly attended 
to and spoiled, would be from 200i. to 500?. or more, apart 
from the danger to those who drink the inferior beer produced. 
vent such damage and loss, and to give the maltster the 
. aid to perform properly his arduous and onerous duties, 
leer has to see to tlie I'ollowing points : — 

e should be of strong, solid construction, aud consist 
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ooTs and a kiln, or if space is limited, of three floors. 
The shape and aize are always ruled by the position of the 
house and the nature of the site, but they should rigidly foUow 
the relative proportions that experience has taught to be the 
best for the purpose of making malt ; that is to say, the length 
of the growing-floor should always exceed the breadth by at 
least two to one. The growing-floor should be below the 
ground-line of the adjacent soil, to ensure uniformity of tem- 
perature ; and the cisterns should always be at the end opposite 
to the kiln in a single-floor house, and in a two-lluop house at 
the kiln end, so that labour may he saved. They should in- 
variably be so placed that the entire control of the temperature 
of the steep-liquor can be secured, as temperature has great 
inSnence in starting growth, and so arranged that corn can he 
readily screened into them when filled with water so as to 
^enable the thin corn and refuse to float off. The water must 
> have command of them, so that it can be run in from 




"below and overflow at top prior to a change of steep-liquor, or 

[ at any time during the continuance of steeping. The cou- 

Btmction of the cisterns, as seen at Fig. 1, should be such that 

the disagreeable labour of emptying by shovels should be 
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obviated, for the grain ia quite capable of running down to the 
growing-floor if the cisterns are rightly made and placed. 
Their capacity should invariably be ample to steep the utmost 
quantity of corn the floor can possibly grow in the coldest 
weather. 

The growing-floor may be of many materials, for quite a 
diversity of floors are used— probably tiles are most esteemed; 
then cement concrete worked to a good face ; bricli ; clunch, or 
a mixture of chalk and gravel rammed to a hard level surface ; 
York stone set in cement ; iron tiles ; and wood. The idea has 
occurred to many to have a double floor, with the upper one of 
some porous material, perforated so that ready circulation of air 
may be secured, and a discharge of the carbonic acid gas 
generated by germination. It is now being worked or suc- 
cessfully experJmeQted upon in several places. This question 
alone is of great interest and importance. 

The capat-ity of the growing-floor is the true gauge of the 
power of the malt-house, and every measurement of other 
parts should be calculated solely upon such capacity. A 15- 
quarters house, such as we are now considering, should never 
have less supei-ficial area of combined couch and floor-room 
than 2e00 feet if in the south of England, or 2400 feet in the 
north of England or Scotland, unloBS any exceptional condition 
of altitude or position affect the mean annual temperature of 
the floor, when the skill and knowledge of the engineer would 
regulate the areas by such information and data as he could 
secure or observe. It canuot be too often impressed upon all 
connected with malting in any way, that one of the prime 
factors in making good malt is beat, and the manner 
in which it is communicated to or absorbed from grain. 
Throughout the whole of those portions of the process we have 
been following thus far, it is always most important to secure a 
right supply of cool moist air to the corn in steep, couch, or for 
the first seven to ten or more days of its growth on floor. In 
email maltings this can only be done by regulation of doors, 
windows, and shutters ; and the same means are used also to 
flssiet in the regulation of temperature. In fact, these agencies, 
^coupled with the shovel and the particular construction of the 
house, are the only ones employed in the vast majority of mail- 
ings of all sizes, to regulate or control the two chief conditions 
of malt-making. 

The kiln or drying-house is a building in which the con- 
ditions are of an exactly opposite character to those we have 
been cousidering. Heated air is called upon to dissipate and 
remore so much of the moisture as can practically be removed 
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from malt, to utterly stop growtlij aud at the Eiaine time to 
impart characteristic flavours and influences which concern the 
brewer chiefly, but of which the engineer should have sufBcient 
knowledge to enable bim to guard against the errors to be 
witnessed in so many places. The kilo should ever be a lofty 
and roomy structure of brick, with a high roof surmounted by 
a cowl. Its area of drying-floor should never exceed one- 
fourth or be leas than one-sixth of the growing-floor, nor should 
the combined air inlets and discharges ever bear a ratio to each 
other exceeding that of four to five. Inattention to, or igno- 
rance of this simple ruleon the part of many kiln-builders has 
caused an enormous waste of fuel and damaged immense 
quantities of malt. The mode of construction of furnaces of 
kilns may vary widely, and upon the form depends the area of 
grate-surface. The drying-floors should be two in number 
placed at a suitable distance apart. The lower floor should 
Lave ita distance from the furnace regulated by the consti-uc- 
tion of the house and the nature of the malt desired to be 
produced. In altering old kilns the author haa had oppor- 
tunities of trying all heights ranging from 5 feet 6 inches to 
27 feet. In new kilns the right limits are from 12 feet to 
IS feet, somewhat ruled by utilisation of the kiln as a malt 
store. No fixed rule for the regulation of this height has yet 
been formulated. The first malt-kiln with two floors that was 
successfully worked in this country was one altered by the 
author three years ago. 

In the great majority of malt-houses, especially of the size we 
are now more particularly considering, the height of the floor 
above the furnace is inconsiderable, and it haa been the cus- 
tom to load or throw in the malt with a shovel. "When the 
height is increased, and another floor is also added, it is rarely 
possible to continue this practice, and the green malt has to be 
hauled up in baskets by some simple form of windlass. After 
the kiln is loaded, several of the main characteristics of the 
malt are entirely dependent upon the temperature and volume 
of the current of ascending air. It may seem incredible, yet 
it is a fact, that there are hundreds, if not thousands, of 
maltings working in which no thermometer is employed to 

I ascertain the temperature of either air or corn ; and no one but 
the author seems ever to have tried to ascertain the volume of 
air passing up any particular malt-kiln, or to calculate the 
hygrometric condition of the air upon its ingress and egress. 
Nor until very recently has any attention whatever been paid 
to the differences of temperature to be found in the malt when 
drying upon nearly all kilns, although due consideration of the 
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facts taught by such ranees of temperature as can be con- 
stantly found in kilns of alT conditions and sizes would lead one 
to suppose that any maltster who had but once had hia atten- 
tion directed to this subject would no longer allow such 
dangerous extremes of temperature as are almost invariably 
found to exist. Kilns that work wjtli two drying-floors possess 
several advantages, of which probably the chief are the 
regularity of temperature upon both floors, and the economy of 
fuel and labour. As, however, we have in this country at 
present only some dozen kilns with two floors of so amall a 
capacity as 15 quarters, we will leave fuller discussion of this 
subject until we consider much larger houses. Many materials 
are used for the drying-floors of kilns. That which is un- 
doubtedly the best is Hermann's patent wire, although, in so 
simple a question even as that, there is still plenty for 
engineers to do to overcome hydra-headed prejudice upon the 
point of the different descriptions of floor which are aU called 
good by users. There are earthen tiles of several makes, cast- 
iron tiles, perforated sheet iron, woven wire, and woven horse- 
hair. The Hermann wire forms a singularly strong and level 
floor, which permits of the greatest area possible for the free 
passage of ascending heated air. It is very durable, and 
incapable of getting out of repair, and never damages the most 
tender or friable malt by inequalities of surface. The chief 
objection to woven wire is its comparative frailty. It is very 
largely used, and is mach liked by some. Earthen tiles 
are liked by many eminent maltsters and others, chiefly 
because they are supposed to be capable of regulating the 
temperature of the air which follows the intensity or dulness 
of the fire. The tiles naturally absorb and give out heat rela- 
tively to these changes. One objection to their use is the 
small free area of holes, and the wide margins entirely free 
from the passage of air. In nearly all cases they are roughly 
fixed, so that, when shovelling green malt upon them, many 
kernels are broken or damaged. Of iron tiles still more may 
be said, aa they possess nearly all the defects already set forth, 
without the one imaginary advantage. Their sole merit is that 
they do not break readily. 

In maltings of two stories, the upper one is almost in- 
variably used to store com, malt being customarily placed at 
tlio kiln end, and barley over the cisterus. This floor is very 
0«quently divided into a series of three or more compartments, 
^ ' ' the operations of screening and sorting barley, or 
malt, can be conducted separately, and the comming- 
■he dust set in motion by screens is avoided. In 
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buildiDgs of three stories it is oot unusual for t!ie first floor to 
be used for storage, aud tlie ground and second floors for grow- 
ing and withering. The reasons for this arrangement in small 
maltinga are good and varied, i.e. leas height to lift or carry 
barley, greater ease and facility of discharging malt from kiln 
at lower level, one lift only of green malt or steeped barley, 
diBposal of the greatest weight {stored grain) at a lower level, 
ana power to store malt in an air-tight chamber, &c. Owing 
to the miscalculations of engineers or architects, it is by no 
means an uncommon thin^ for the stored grain to carry away 
floors incapable of sustaining it. The average 15-quarters 
malting consists, then, of one building for receiving, steeping, 
growing, and storing grain and malt; and another building 
devoted to the drying of malt or barley, and sometimes to the 
storage of malt and fuel. Apparently, few things could be 
,«impler. 

Section II. — Implements, 

The machinery, implements, and instruments used in such 
a building are so few and simple that they can be rapidly 
, enumerated as follows : — 

A ptimp (almost invariably). 
Water-can and hose. 

Shovels of tinned iron or steel, and wood. 
Plough of wood or iron. 
Some description of barley -sere en. 
A. malt-screen. 
Weigh ing-maehi nes. 
Bushel measures. 
Thermometers. 
Fire-irons and brooms. 
I well are all these things known that it is needless to 
' describe them. Nothing remains to be added to them but 
sacks and a eat, and the whole equipment of, not only a 
15-quarters, but many much larger malt-houses is enumerated. 
A 30-quarters house so closely resembles the typical one 
drecribed, that the only difference is, it takes two men to work 
it instead of one, and it would be much more likely to contain 
I a windlass and baskets for raising green malt to the kiln. 

A 50-or 60-quarters bouse requires three or four men, 
I according to the system upon which it is worked. There are 
I several alight differences of working bouses adopted in this 
i country, which go under the names of the places in which they 
[■ originate or are most practised, or of their inventors — such 
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ae Galland's, Matbeau's, the Ware, Newark, Burton, Eases, 
Scotch, &a. These variations are chiefly interesting to malt- 
sters, and consist of differences in duration of steep, sprinkling 
on floor, growth of acrospire (or plumule), extent of withering, 
duration and extent of drying, &c. 

A 75-qnarters hoase is the largest that can he worked upon 
the English system unless there are three growing-floors, 
although some of much greater size are working with results 
that are supposed to be satisfactory. The capacity of such a 
house is 5000 quarters per season. The proper area for 
growing-floor for 75 quarters every three and a half days is not 
less than 12,000 feet, and in a house with two floors it foUowa 
that hoth must be 120 feet by 50 feet. 

Any malt-house with floors working upon this system of 
greater breadth than 50 feet labours under defects which 
ere long will be considered fatal, for it is difficult, if not im- 
jKissible, rightly to regulate the temperature of the com or 
the access of uesh air. There are also structural difficulties 
which become serious defects in those cases where imperfect 
or erroneous calculations have been made of the strain when 
such a house is fully laden. The curious facts connected 
with the pressure of grain in bins, carefully experimented 
upon by Mr. Eoberta, and given to the world by hia paper 
read at the Southampton meeting of the British Association" 
in 1882, require to be carefully studied in building such large 
malt-stores as must necessarily be attached to mailings of large 
size. Indeed, the whole question of malt storage in bulk, 
apart from the consideration of the construction of the store 
aa generally understood, is one which will well repay the 
careful study of the engineer. 

The general arrangements of a 75-qnartera house are 
very similar to those already described, with such differences 
as must be made to suit the conditions of the work, the 
necessity for adapting such machinery aa the intelligence of 
the maltster permits him to adopt, and the increased size of 
the com and malt stores needed. These generally necessitate 
the erection of an additional building exclusively devoted to 
malt storage. 

The steeping-cistems (Fig. l,p. 71) must be two in number, 

and are best placed at the kiln end of the house in such a 

finm'tinn that they project above the first floor two or three feet. 

lould be of iron, conical in form, and provided with 

F large, iull clear-way, to permit of the discharge of 

"'■eBBure of Wlieat etorei ia Elongated Cells or Bidb," by Isaao 
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3 by gravitation, and ought to have an overfiow, and 
a number of inlet and outlet pipes all fitted with strainers. 
They should possess, in addition, a series of perforated pipes, 
by means of which water can be sprayed or sparged over the 
com, like a shower, upon the whole surface in equal volumes. 
Sererel valves are used for discharging cisterns, but none 
Beema bo simple as that designed by the author. 

For ft big malting a storage cistern or tank should also be 

used, of sufficient capacity to equal two steeps, at a proper 

altitude to command the cisterns and growing-floors for 

sprinkling and washing down. If a separate engine and 

boiler house is built, such a tank conveniently forms its roof. 

The kiln should have double floors, each of an area of at 

I least 1600 feet; and as to make such a building square is not 

always practicable or desirable, it may be built of greater 

' length than width, and be provided with two fireplaces or 

I furnaces. It should always be used as a malt store also, for 

I if properly designed, it furnishes good storage for 1200 to 1500 

I quarters of malt. 

The diversity of tools and appliances tailing under the 
second section is much greater than iu a small house, viz. a 
steam boiler and engine (or gas-engine), with main and counter 
I shafting, and frictional hoists, elevators and conveyors, screens, 
I sorters, cleaners and weighing machines. Formidable as this 
I list looks, the power required is very small. A steam-boiler 
I of 6 horsepower, and an engine of 4 horsepower nominal, 
I is ample to do all, and in rare cases it may be preferable 
to fix a 3 ^-horsepower gas-engine. When a gas-engine 
is used, care must be taken to devise some simple method 
for regulating the temperature of the water used in severe 
weather, as with a steam-engine the exhaust steam can be 
economically utilised for this purpose. The arrangement of 
the shafting naturally varies, and it is unnecessary to describe 
it It is frequently desirable to attach to it, at one or more 
places, barrel drums loosely fitted between collars, and a 
motional clutch as shown at Fig. 2, which with a simple lever 
can be made to grip the barrel tightly and raise sacks, &c., to 
any floor, or can also lower any ordinary weight as desired. 
In addition to this mode of raising barley to the lol't, it is 
always desirable to have a small receiving-hopper placed on 
the ground floor, into which the barley can be weighed im- 
mediately it is received from the waggon or tru^ ; and, 
passing through a criddle screen, it can fall into a vertical 
i devfttor consisting of buckets attached to a chain or belt in 
" 6 ordinary way. The head of the elevator should be at the 
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top of the building, and so aiTanged that the barley can be at 
once discharged into the scTeen and sorters or into bine. The 
lemoTal of the barley horizontally from point to point is beat 
effected upon a wide linen or indianibber belt, aa no injury 
can possibly be done to the corn. In all cases where it ia 
practicable a conveyor of this class is the best possible way 
yet invented for loading kilns witli green malt ; and as snch 
malt will run up an incline of forty degrees, it might be much 
more largely adopted than at present. In this country, barley 



is generally screened once only before steeping, by passing it 
through a Boby's or Tenney's screen. Much greater attention 
is paid to the subject abroad, and it is rightly held to be of 
much importance thoroughly to clean, sort, and sweat barley 
liefor© use. A few men of enlightened ideas in this country 
think BO likewise; and here again we have a sphere of much 
usefulness marked out for the engineer. 

In screening barley it is important to remove from it all dirt 
»nd foreign elements of every kind, all undeveloped or im- 
nerfect barley-corns, and frequently to divide the large, full, 
nliimp corn from the small, lean, hungry kernels, which never- 
Uttdtea have the power to make fairly good malt if properly 
gridiaged. It seems absurd to have to say that such difference 
^oliarocter in corn necessitates a difference in treatment, yet 
y v>«nv ^ood men act in blissful ignorance of this self-evident 
» 't is necessary to give it as the reason for the employ- 

roper sorting machinery. Large, small, over-ripe, 
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, and damaged kernels, of any apeeiea of grain, 
must germinate differently when subject to precisely the same 
jonditiona of air, humidity, and heat for like periods of time. 

■ ^Further than this, all barley, no niatter what ita condition or 
"the country in which it grew, has almost invariably adhering 

to it the germs of such low organisms as necessarily exert a 

baneful influence first upon the malt, and afterwards upon the 

resulting beer, unless removed by vigorous brushing and wash- 

w ing prior to steeping. To invent and adjust the machinery 

Lneeded to perform these operations in the best and simplest 

■ way, is necessary and good work. Several Continental ma- 
[cliinista now make screens that separate from barley all other 

seeds or grains, dirt, refuse matter, broken and damaged 
kernels, and finally give three, four, or five different grades 

I of corn from sample, the grading being ruled by size of each 
individual kernel. In Van Gelder and Apsimon's machine 
for instance (see Fig. 3) a small conical barrel of wire mesh of 
enitable size, admits of the passing through it of all barley- 
corns, but rejects alt larger than barley. The corn thus freed 
then falls into a second barrel, of greater length and diameter, 
which has fitted to it an internal worm for the right distribu- 
tion of com, and a fan to blow out all floating dust. The 
barrel is covered with woven wire of varying mesh, which 
makes the following grades : — I. Dust, dirt, chaff, &c., absolute 
refuse. II. Thin, refuse, and tail-corn, fit only tor poultry 
feeding, or grinding. III. Larger tail-corn, suitable for the 
game purposes, or, under some circumstances, useful for 
steeping. IV. and V. Two other grades of malting-corn. 
TI. Prime, big, plump corn. Each and all of these grades of 
malting can then pass separately through a third cylinder of 
sheet iron or zinc, furnished with a series of indentations of 
differing size, in which, as the barrel rotates, spherical seeds 
of the same diameter as the particular grade of barley, half- 
corns, or kernels, crushed and otherwise imperfect, can rest. 
The slowly rotating barrel carries all these things to a higher 
altitude than perfect corn, which falls back below a shelf fixed 
at a particular angle (usually thirty to thirty-five degrees), 
and passes out at the end almost free from imperfection. The 
refuse is carried above the level of the shelf, and consequently 
falls upon it, and, by means of a small screw or any similar 
, contrivance, is likewise conveyed into a proper receiver. Great 
I -varieties of such machines are made by Seek, Ain^, Pernollet, 
I Schwalbe, and many others. Their work is excellent, but at 
jpresent they all labour under the serious defect of tedious 
slowness. Other useful screens are made by good makers. 
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consisting of flat sheets or trays of metal, perforated ; 
diTersity of ways witli boles of varied size and form, to all of 
which a reciprocating or shaking motion is given. There is, 




howtivvr, rtxnn for much more improvement and scope for 
iiwHliitii hern. 

Aftpr imnniiig tluough all this treatment, com is still unfit for 

fli>i*ttiiiK- ''"' ■■'oi'I'l spores, dust, aod a diversity of organic 

4Htivi'l'i»'1>oiiN tlint udhero to grain still require to be removed. 

!V\wmI linmliiiig, polishing, and washing machines have been 

(I ti> do iJii*. That used by M. Galland, at Maserille, 

■a nt Fig. 4 is simple, ingenious, and effective. Barley 

'hIo n cylinder, in which is fitted an ordinary Arehi- 
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I mcdean acrew or conveyor, rotating at a fair speed. A current of 
['Water flows in the opposite direction to tiie screw. This, com- 
bined with the agitation- and friction imparted by the motion 
\ of the screw, finally frees the barley from its remaining imper- 
} fections, and it passes with the liquor into the steeping- cistern. 
Two weighing-machines at least should be fised in each 
Qalting. One should be placed so that it can conveniently 
' weigh every bushel of barley received into the building, and 




[ the other to weigh accurately all malt sent out. Several auto- 
I matic machines are good, and sufficiently well known to need 
I 'HO description. It is generally preferable to select those that 
laet against a counterpoise equivalent to each charge, rather 
I than one depending upon a spring or factors of a small weight, 
toB, should any defect arise from wear or any cause, the error is 
T!,kept within Bmall bounds. 

Class B. — Pneumatic Malting. 

We pass now to the second division of our subject. Pneumatic 
Malting, which may be freely interpreted to mean malting by a 
JjTocess in which the functions of air are intelligently utilised 
U germinating grain. The value of many good things may be 
measured by the duration and intensity of their struggle against 
" -ejudice and interest. The fight against these twin giants, on 
thalf of new systems of making malt, was bravely started by 
Md in 1842, and was continued later on by Tizard, who may 
itly be called the Father of Pneumatic Malting. To them 
'toilowed Galland, whose name must be linked with this system 
of malting for many generations with all honour and respect. 
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The great principles already enunciated are all capable of apH 
cation to maltinc; condncted upon this piau, many of them wttE 
greater force and intensity. 

The construction of any pneumatic malting vai 
from that we have been hitherto considering. Indeed, e 
thing is changed. Barley storea must be much larger, for 
malting goes on winter and summer alike, but barley is chiefly 
bought ill autumn and winter, so the summer stock must bo 
sweated and laid in. The stores must also be accessible from 
the kiln, for no man wlio has intelligence enough to make such 
a house would steep unsweated grain at any time. If the house 
is moderately large it must have double kilns, or at least four 
equally good drying-floors. The malt-stores may be very much 
smalier ; for who, comprehending the subject, would use malt 
over three months old ? Greatest change of all, no space 
whatever is needed for growing-floors, as all the germinating is 
best conducted on the basement floor, below the stores and kJns. 
Consequently, a pneumatic malting need not occupy more than 
2.5 per cent, of the area occupied by an ordinary malting of the 
same capacity. 

The number of pneumatic makings actually existing in Great 
Britain is only four, but several are in course of erection. The 
number abroad is considerable, some of them of great 
size. The one at Troves already referred to, is capable of 
making aa much malt as ten 75-qnarter houses in this 
country. This building ia shown in transverse and longitudinal 
section at Figs. 5 and 6, and in plan at Pig. 7 of the engravings. 
In these figures, A indicates the germinating-casea. B, SaJa- 
diu'a patent turning-screws. C, a, air-channels. D, passages. 
E, K, main driving-shafts and pulleys. F, metal recesses to fit 
turning-screws. G, elevators. H, trap-doors. I, air-channels, 
J, openings to growing-floor for air. K, S, engines and fan 
room, L, N, fans, supply and exhaust. T, boiler. W, chimney. 
/, well. The whole space occupied is tbe area necessary for 
kilns, malt and barley stores, engine and boiler house, and fans. 
No additional area is required for germiuating-floors, as ten 
germinating-cases A are placed in the basement below kiln 
and stores. The building is of brick, the internal walla above 
the ground-line resting upon cast-iron columns and rolled-iron 
joists. The germinating-cases A, A are of iron ; the bottoms 
are double. These plates admit of draining the corn, if the 
germinating-case is also used as a steeping-cistem. Their chief 
object, however, is to admit of ready circulation of the air 
by the means to he described. Large channels a serve as 
drains for moisture, and to convey the air to or from tbe 
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g com. Between eacli case is a passage D enabling the 

laltster to have free access to the corn at all points. With the 

ixception of the driving-shaft E, all the maehinery is in dupli- 

Bcate, so that the possibility is remote of any breakdown that 

TOTxld seriously affect the working of the house. This is 

mecessary, as should the fans L, N be stopped for twenty-four 

^ours, the com germinating at a depth exceeding 30 inches 

*ould inevitably heat and be spoiled. The boiler T and 

' engines S are of the common type of 20 horsepower nominal. 

The fans L, N are the Farcot patent. The lower floors of the 

kilns are provided with the Schlemmer patent meclianicaJ 

turners. The turners in the germinating-cases are Saladiu's 




The germination of the grain is effected by cool, moist air, 

fter passing through the cooler and moistener known as an 

^ ^hangeur," and wnich is illustrated in Pigs. 8, 9 and 10. As 

the germinating grain has a depth of from 30 to 40 inches, 

^0ome pressure is required, and mechanical means are necessary 

mtoi efficient and economical turning. The echangeur is a very 

uigenious utilisation of the well-known rapidity of evaporation 

■ F any liquid when spread out in very thin layers over large 

ir&ces and exposed to a current of air. It consists of a 

H'linder, or aeries of cylinders, of increasing diameter, placed 

o 2 
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1 within another. Each conaists of finely perforated sheet- 
iron. They are placed in a trough of water, just sufficiently 
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complete wetting. When rotated at a slow 
Bpeed, the surfaces of all the cylinders are kept just wetted. A 
Tolame of air ia either driven or drawn through, as may be 
required, for any particular purpose. The air in its passage 
comes first into contact with the moistened cylinders, and if hot 
and dry, it becomes moiat and cool, for the constant evaporation 
npon the cylinders has a very considerable refrigerating effect 
This was well known to the Egyptians over four thousand years 
ago, and the porous bottle, or " gargouleh," of Esneh, has been 
made until the present day to keep the drinking-water of that 
hot country cool and fresh. The echangeur is like a gigantic 
gargouleh, and by increasing the size and number of the 
cylinders, and causing the water in the moistening-trough to 
circulate, any volume of air can be wetted to the saturation 
limit corresponding to its temperature, and reduced to the 
actual temperature of the water or glycerine used. It will be 
seen that this apparatus gives the maltster complete control of 
the humidity and heat, as well as volume, of the air driven 
through germiuating corn. 

The Saladin turning apparatus conaists of a cylindrical frame 
provided with rollers which run on rails at the edge of the ger- 
minating-cases. This apparatus is illustrated at Fig. 11, It is 
carried to and fro from either end of the case by compensating 
rope gearing, which at the same time gives motion to the 
tnrning-screws. These screws do not quite touch the bottom of 
the germinating-casp, but just skim it. The cases are generally 
made wide enough for sis turners. 

The kilns are double, each possessing two floors. The con- 
struction of the furnaces is of the ordinary French pattern. 
The arrangement of the house pennita of great regularity of 
working. Every day 130 quarters of barley are screened, 
sorted, cleaned, and passed into a steeping-ci stern. VVhen 
BufScieutly steeped it runs through piping into the germinating- 
case which in the natural order of working happens to be empty. 
Here it forms the couch, i. e, the heaping of damp corn to gain 
heat. When it is desirable to open couch, or prevent further 
accession of heat, a small amount of air is forced through the 
grain by opening the trap-door connected with the main air- 
channel. This furnishes the growing corn with oxygen, removes 
the carbonic acid gas, and regulates temperature of the mass of 
grain. Later, the Saladin turner is put in motion for a few 
minutes about every eight to twelve hours. The screws ia 
rotating upon their axes are slowly propelled horizontally. They 
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thus effeetually turn the graiu, and leave it perfectly smooth. 
Thia turning procesa prevents matting of the roots, the regu- 
lation of temperature and exposure to air being effected by 
means of the cold air from the " ^changenr." When the grain 
is snfBciectly grown, it is elevated to the kiln. For forty hours it 
remains upon the top floor, it is then dropped upon the bottom 
floor, a further charge of green com following upon the top 
floor. The benefit is mutual. The bottom is maintained at an 
even temperature, for it is virtually plunged in an air-bath, and aa 
free radiation of heat is prevented, the top suiface of the malt is 
necessarily nearly aa warm as that next the wires, which in its 
turn is subject to lower heats than would be necessary if free 
radiation from the surface were allowed. The top floor, by the 
intervention of the layer of malt between it and the fire, is pre- 
vented from coming into direct contact with heat of a dangerous 
and damaging degree. The same heat which is used to dry one 
floor, and in an ordinary kiln passes at once into the air aa waste, 
is the best possible description of heat, namely very slightly mois- 
tened heated air, to remove the moisture from the second layer of 
malt at a low temperature. It is of vital importance to retain 
this green malt at a low heat as long as any degree of moisture 
exceeding say 15 per cent, is retained by the corn. The differ- 
ences of heat between an ordinary kiln and a Stopes double 
kiln are beat seen in Figs. 12 and 13. 

The degree of heat upon the kiln and the duration of parti- 
cular temperatures rule very largely the percentage of dextrine 
produced by the malt, as well as the colour of the resulting 
wort. A final distinct advantage is the total abolition of turn- 
ing the drying grain, not only economising the labour, but 
avoiding the positive injury to dry malt of placing it above 
that which is damp, through the absorption of a portion of 
the moisture. All the screens, sorters, and other apparatus 
already described are employed in mailings of this class. The 
chief difference is that in our English m^tings it is the excep- 
tion to find them, whilst in pneumatic houses it is unusual for 
them to be absent. 

The advantages of the SaJadin system ovex that hitherto 
working in Britain are numerous, the one disadvantage being 
the employment of much more power. The area occupied by 
the building does not equal one-third of that otherwise required. 
The actual growing-floor space is only about one-seventh, and 
the number of workmen {ruled necessarily by the size of the 
house) is reduced two-thirds. The use of plant and premises 
18 continuous, the process of malting being equally well per- 
formed during the summer months. The further advantage 
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of this is that brewers secure entire uniformity in age of malt, 
while by the English system the stock of finished malt neces- 
sarily fluctuates largely. All growing com is subjected to the 
same conditions of surrounding air, exposure, and temperature. 




The volume of air supplied to the germinating corn is entirely 
under control, as are also its temperature and humidity When 
germination is arrested and the green malt is drying, the double 
kilns ensure control of the temperature of the corn in the kilns. 
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[ The infreqriency of turning the germinating grain benefits the 
L growth of the roofs and the deTelopmeut of the plumule, besides 
saving nauch labour. No grains are crushed or damaged by the 
feet OP shovels of the workmen. The air supplied to the corn 
can be inexpensively freed from diaease-germs and inipnrities. 
The capital needed for malting can be reduced by the diminished 
cost of installation, the reduced stocks of mult in hand, and 
wages paid. The quality of the malt made is considerably 
improved. The percentage of acidity is much reduced, the 
stability of the beer ia increased, and a greater percentage of 
the extractive matter of the barley is obtaiuable by the brewer 
or other user of the malt. Tliese advantages must eventually 
be recognised. 

JiASS C. — The Manufacture of Black, Amber, Crystal, 
AND Other Special Malts. 
Hitherto we have been considering one class of malt only, 
viz. that technically known as pale malt. Several other 
varieties exist. Under this heading we shall consider those 
only which depend upon the conditions already explained, but 
with a variation of toe final process of drying, such variation 
being chiefly a comparatively slight difference of temperature. 
Amber, porter, blown, or imperial malt can be made in any 
ordinary malting, the differences to which they owe their names 
being almost entirely effected upon the kiln. The scope they 
affom to the engineer for employment or improvement 13 
infinitesimal. They deserve mention only for the impressive 
fact, that the difference in temperature which will convert pale 
malt into amber or imperial ia actually less than is to be found 
in the vast majority of kilns, between the temperature of that pale 
malt lying upon the surface of the tiles or wire, and of the upper 
surface exposed to the air. There is probably no kiln in Great 
Britain having only a single floor in which this difference is 
leas than 50^ Pale malt next the tiles will be at 200° Fahr., 
and upon the surface 150° or less; and malt heated to 240" 
ivould make amber or imperial malt. 

Blown or porter malt has the I'urther difference that con- 
siderable heat is applied with suddenness before it has become 
dried. It is well known that any given temperature over 100° 
Fahr. will give much more colour to malt if still moist than 
a much greater heat if dry. Blown malt is exposed to the flare 
of fast-burning oak faggots or billet wood, and gains much 
colour and increase of size in consequence. Its use is an 
absardity that ia dying out, for the colour and flavour so 
gained are found to be very costly. 
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Crystal malt is green malt not fully grown, taken Gtraight 
from the floor, and placed in a woven wire cylinder over a fire, 
and rotated. The curious sweetness of crystal malt to the 
palate may be readily accounted for by the mode of its drying. 
SnfBcient moisture is present at considerable temperature to 
enable the diastase to convert a portion of the starch into sugar. 

Black or patent malt is pale or other malt dried in the 
ordinary way, and then placed in a cylinder over a fire, and 
rotated. The starch and saccharine constituenta are speedily 
caramelised, and a splendid deep colour ia obtained, wnich is 
communicated to porter and stout. The chief difference in the 
appliances used in the manufacture of these (crystal and black) 
malta is the construction of the furnaces and cylinders. They 
have to be made in such a manner that free inspection of the 
malt can take place during roasting. They must also admit of 
ready lateral movement to facilitate filling and emptying ; and 
appliances for proper cooling are of importance. 

Class D. — The Gelatinisation Pbocess. 

Brewers' wort was originally produced by malting and infus- 
ing corn. Gradually it was found out that glucose, the chief 
ingredient of wort, could be produced by chemical and mecha- 
nical agencies from both grain and potatoes. Finally, it has 
been proved that the gelatinisation of grain produces results in 
some senses better than can be otherwise obtained, especially 
upon those grains, such as rice, which are known by analysis to 
be exceptionally useful in the production of beer, but which can- 
not be easily malted. No matter how much care may be given 
to the cleaning of barley, and purification of air and water, 
mould-apores and germs of other low organisms are always left. 
The conditions absolutely essential to the right gi'owth of malt 
are also those most favourable to the reproduction of all such 
fungoid and other low organisms. The free use of antiseptics 
does not entirely overcome the diflieulties naturally arising Irom 
such a state of things ; consequently, malt, as we know it, must 
be always liable to this defect, 

Gelatinisation effectually avoids this difficulty, for rice or 
any other grain which undergoes the liigh temperature and 
pressure of gelatinisation cannot have clinging to it a single 
vital spore or germ. By this process, which was invented 
and successfully established as an industry of importance by 
Messrs. Gillman and Spencer, nearly every condition we hava ' 
been considering is nullified or removed. The engineer has 
the whole process in hand, and the maltster is set entirely on ' 
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^f one side. The conetmction of the building is nnimpurtant. 
It is preferable to have lofty, solid, and specially arranged 
atructurea of several floors, but it is not imperative. Every 
necessary condition is entirely under the control of the ap- 
paratus and plant used. This plant conaista of engines and 
high-pressure steam-boilers, steeping-tanks, gelatiniaers capable 
of safely standing steam at high pressure, drying-kilna or 
cylinders, cleaning or sorting machinery, elevators, conveyors, 
and other minor tools that do not require recapitulation. Any 
engine will do, and the form of boiler is immaterial so long aa 
it is able to generate steam at a pressure of four to six atmo- 
spheres. Tlie ateeping-tanks are of cast iron of ordinary tbrm, 
provided with strainer-plates to admit of drainage. The gela- 
tmiseiB are patented, and consist of cylindrical wrougbt-iron 
vessels duly fitted with steam-supply and exhaust cocks, 
together with filling and emptying valves and strainers. The 
kilns are also patented, and are both novel and effective. The 
fiirnace and encasing walls are of brick. The floors are of 
woven wire rotating over a series of drums, so that the moist 
corn is slowly fed from the top hopper, and, whilst being carried 
continually forward, is robbed of its moisture, and gradually 
exposed to as much heat as may be required. It finally reaches 
the bottom, and is discharged into the receiving-hopper, from 
whence it may be conveyed or elevated tp any desired position 
for cleaning, sorting, and if necessary, grinding. 

It win be noticed how very different such a process is from 
the ordinary methods of malting, and how completely it depends 
upon mechanical aid. As it is equally effective in nearly every 
way to the common mode of malting, and much superior in 
others, it will probably be largely used in a short time. The 
changes produced iu rice by gelatiniaation are indicated by the 
following analysis ; — 
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The rupturing of starch granules by combined high tempera- ^H 
ture and pressure, and the essential empyreumatic flavours ^H 
given by high kiln-drying in direct contact with the products ^M 
of combustion, are not capable of tabulation. They, however, ^H 
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constitute tlie eliief value of the process. The points of supe- 
riority, ia addition to tliose already enumerated, are it-s remark- 
able rapidity and certainty of action. Grain can be received, 
steeped, steamed, dried, and gi'ound entirely ready for use in 
eight hours. Every kernel so treated is subject to precisely the 
same conditions of moisture, heat, and exposure, enabling the 
brewer to know accurately the composition of his wort — an 
element of uniformity impossible to attain in any malting 
belonging to classes A or G, and not absolutely attained in 
class B. All malt made in raaltiuga A and B has invariably a 
large excess of (so-called) diastatic power. Gelatinised malt 
is deficient in this respect, but whenever used in conjunction 
with common malt, the excess of diastase present in the mash- 
tun is invariably sufBeient rightly to convert the starch of the 
gelatinised com. The high pressure and heats adopted dur- 
ing the processes of gelatinisation effectually rupture the 
granules of starch, making the constituent molecules enter 
freely into contact with the diastatic wort, which rapidly 
effects the change of starch into the maltose, dextrine, and 
numerous other like compounds that are essential in a wort 
intended to cultivate yeast plants. The peptoniaing influences 
of gelatinisation aid materially the formation of a wort duly 
containing the soluble albuminoids in that nice equilibrium so 
essential to healthful growth of yeast. Upon this growth the 
success of the brewer's operation so largely depends. The old 
belief in the superlative importance of fermentation has been 
freely questioned by a few for some time past. It is attribu- 
ting causes to effects. Fermentations are controlled in the 
malt-house and masb-tun. The power to gelatinise such nitro- 
genous grain as rice, or starchy material as maize, adds im- 
mensely to the power of a brewer to control properly his fer- 
mentation. To the general public such control has the direct 
advantage of improving the quality of the beer produced, 
national cultivation of the yeast is invariably and aosolutely 
an improvement of beer. To the engineer, gelatinisation of 
grain is of intercMt, as all its operations directly promote the 
development of machinery. 

The production of germlesa maize-meal is, in several sens^ 
malting, as the material is used in place of malt, after under- 
going some of the processes of malting. It is successfully done 
Bv several makei-s and patentees— notably, Messrs. Tomldns, 
Cfourage, and Craeknall; Pobertson; Miiir; and Southby. 
Maize is degermed by special machinery, for in the germ are 
found th« fi-eater portion of the oils and fatty matters which 
preve s being liked. Maize has not yet been success- 
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fully germinated to produce pale malt ; but very good black 
malt is made from it by Messrs. Plunkett, DulDlin, The 
permless maiza produced by Messrs. Tomkins & Co., after 
degermation, ig dried upon kilag of special make at high 
temperature, thus securing some of the empyreumatic ad- 
vanteges that malt derives from kiln-drying. The kilns are 
patented by Messrs. Tomkins & Co., and differ from others in 
special firing arrangements of excellent character for sncb 
purposes as drying maize or corn. They simply beat air to any 
required degree; and as none of the products of combustion 
come into direct contact with the drying grain, any cheap or 
common fuel may be used. By their construction they also 
secure a very rapid upflow of air. 

It has been the author's endeavour to point out the present 
sphere of usefulness of the engineer in malting, and indicate 
bis future possibilities, without entering into special trade 
technicalities. SuflScient explanation of the processes enu- 
merated has been given to interest those who like to acquire a 
general knowledge of any industries. There are many points 
■which doubtless might profit from clearer explanation. Owing 
to tbe comparatively small degree of general interest in the 
whole trade, and the consequent poverty of literature relating to 
it, seeming trifles have been dwelt upon at considerable length. 

The days in which malt drink was tbe staple if not universal 
beverage of yomig and old alike have gone by, to be followed by 
a time when such malt drinks as are consumed must be of 
great purity and fineness. Rough rnle-of-thumb methods of 

E reparation sufficed apparently formerly, but they siiffice no 
inger. Tbe scientist and the engineer have been called upon 
to supply a need. They have never been called upon fruit- 
lessly in the past, nor will they be in the future ; and doubtless 
they will raise the humble crafl of malting to a distinct branch 
of science, and make in addition, a high and honourable calling 
of the Engineering of Malting. 



DISCUSSION. 

Mr. Pbeby F. Ndesey said it appeared to him that the 
' wire malt-kiln floor invented by Hermann was a very great 
' improvement upon the ordinary wire floor. As he understood 
k it, corns were liable to stick and get damaged in the ordinary 
wire-woven floor, whereas that did not happen in the Hermann 
[ floor. If he remembered rightly, Hermann's first floor was 
( constructed with circular wires, but in that case, the grains 
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occasionally got wedged in the interstices. The inventor then ' 
superseded that floor by one constructed of wire more o 
triangular in form, which gave a practically even surface, the 
spaces between the wires being insufficient to allow of any of | 
the grains catching. If any of the points got in between, the 
grains immediately tipped over by their own gravity and fell 
level opon the floor. With regard to theechangeur he had had 
the pleasure of seeing it in operation on one occasion. It 
acted most perfectly as a thorough cooling medium, and he 
did not know whether to admire most its simplicity or its 
efficiency, 

Mr. Baens Kinsey said as Mr. Stopes had stated, and as 
most maltsters must be aware, there was a great difficulty in 
producing malt in Australia and Canada. He would, therefore, 
ask Mr. Stopes whether he had had any experience aa to the 
effect of the pneumatic principle in those countries. A very 
large quantity of malt was sent into those countries from 
England. He knew that there was great difficulty in pro- 
ducing malt on acconnt of the extremes of the Canadian seasons, 
and it appeared to him that the process which Mr. Stopea had 
described might have a very great effect upon the malt 
industry of Canada, and also assist to a great extent that of 
Australia. With regard to the process of Messrs. TomMns, it 
had long seemed to him that that was the direction in which 
engineers should turn their attention, for the purpose of en- 
deavouring to obtain some better method of drying than the 
very crude form of the open fire-baskets Engineers had great 
control over superheated steam, and why should they not 
control the temperature of the air and so bring it to the 
grain at precisely the temperature required in the different 



Mr. Hitch said that he did not think that Mr. Stopes could 
yet bring forward any proof of the pneumatic system having 
been brought to perfection in this country. 

Mr. B. W. Peeey said that his father had used the pneu- 
matic system sncceaafully in Ireland for the last five years. 
They had never had a breakdown, and the system had worki ' 
perfectly. 

Mr. Hitch asked what advantage Mr. Perry had found 
the system, 

Mr. pEKRY replied that the advantages were absence of 
mould, cheapness of working, and economy of space in the 
building. 

Mr. Hitch said that aa far as making by the pneumatic 
process was concerned he had never had any experience, but' 
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Eles of malt which ho had seen aa the products of that 
ad certaiuly been anything but perfect according to 
idea. They had shown a very great amount of mould. 
Mr, Perry said the presence of mould was very often caused 
the pneumatic system by the air not being BufBciently 
supplied, and that had brought the system into disrepute. 
But where the air was sufficiently continued there was very 
great freedom from mould. 

Mr. E. G. Hooper said it appeared to him that there must 
be an advantage in the pneumatic system if it could only be 
made simple enough; and he thought that what Mr. Stopes 
had recently done, in introducing the Saladin system, had gone 
tar in that direction, especially in comparison with the Galland 
system. The arrangement for air-cooling, in other words, the 
"eehangeur" brought out by Saladin, seemed to be a great 
improvement upon the old coke-towers of Galland. He 
believed that they would see, too, that the system of germina- 
ting in tanks was much more simple than the old arrangement 
of rotating drums which were used for this stage of the malting 

Srocess. With reference to the kiln which Mr. Stopes had 
one so much to bring into use, he thought there was a very 
distinct advantage in it. In fact, it was an advantage which, 
Bs far as he knew, had never been disputed. In the first place 
it afforded a greater kiln space from the fact of there being 
two floors, and in the next place it was beyond question an ad- 
vantage to dry off the greater portion of the moisture before 
le malt was brought into contact with high temperature. 
'ith reference to gelatinised gram, it was becoming a habit to 
^ eak about gelatinised grain and gelatinised malt, whother it 
it was rice, malt, or any other. He thought they should 
ver lose sight of the fact that a gelatinised starch was not 
lit and never would be. The essential feature of malting 
fas the production of diastase. Probably Mr. Stopes' reply on 
;hat point would be that malting brought about an alteration 
the constituents, particularly the albuminoid constituents of 
lin, which had considerable effect in promoting healthy yeast 
jowth; and that the gelatinising process also brought that about 
iut were they quite sure of their reasoning on this ground ? 
[t was a fact, he believed, within the experience of those who 
^d Qsed gelatinised rice and raw rice, that an equally good 
fermentation was obtained from raw rice as from that which had 
been gelatinised ; and, if so, then the albuminous yeast ali- 
ment could not he a product of the gelatinising process. Of 
[Course it might be an advantage sometimes for trade pmposes 
call a gelatinised material a malt ; but it should be always 
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clearlr understood in tliose cases that thongli the material was 
called malt it was not therefore diastatic. 

Mi. Gillmax a^ the patentee of the ^latinisation process 
said that in one sense Mr. Hooper was right in taking excep- 
tion to the term malt, if there was no diastase produced ; and 
if diasta.«e was an essential ingredient in malt. But there was 
no reason why the germination process should not be substituted 
by another process by which a diastatic power was produced. 
In this case it was snostitated by gelatinisation l>y steam under 
high pressure and heat, which acted on the albuminoids and 
produced a diastatic energy. In other respects the process of 
manu&etnre was precisely the same as that of malting. The 
grain was steeped, it was gelatinised, and it was kiln-dried. 
In the other case it was steeped, it was germinated, and it was 
kiln-dried : gelatinised malt was therefore in every sense a malt. 
As to the change in the soluble albuminoids he might not have 
bad so much esperience of raw rice as Mr. Hooper, but the 
generally received opinion amongst brewers, and the statement 
in all the works on the subject, was that the yeast deteriorated 
through the use of raw grain. The experience which he had 
had showed that the yeast was strengthened instead of weak- 
ened by the use of gelatinised rice malt, showing that the 
albuminoids were rendered suitable for a yeast foiid. Those, 
of course, were matters which could be proved only by con- 
tinual experience and working with the gelatinised malt. 

Mr. Inskipp said no doubt, as Mr. Stopes bad remarked in 
his paper, prejudice had somewhat to do with the slow progress 
of tiie pneumatic system ; but, independently of that, there 
were other considerations that should be taken into account; 
there was a much greater outlay required in building a 
pneumatic malting than in an ordinary one. For acoording 
to Mr. Stopes' own view the ordinary maltings about the 
country were buildings of the simplest character, and the 
implements and labour employed were of the simplest and 
cheapest kind, and no engine or steam power was used. The 
addition of the latter, and consequently skilled labour, would 
of itself be a very serious item, the additional expense of 
which, unless in a large malt-house, wonld far outweigh any 
commercial benefit. Besides that, the fact of the manufacture 
of malt having been carried on in the same manner from time 
immemorial was in itself a reason to hesitate before making 
radical changea It was only natural, therefore, that the 
maltster should require to see his way clear to a large increase 
in his output and improvement in the article produced, before 
deciding on so sweeping a change, and his reluctance should 
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not be put down entirely to prejudice. For malting on a large 
Bcale, and when power and water were cheap, and ground space 
valuable, a pneumatic syRtem was the most advantageous as 
well aa the most scientific method of treating the grain ; in 
the instance mentioned by Mr. Hooper of Messrs. Perry's 
maltings in Ireland, the machinery was driven by water-power 
and there was an abundance of water for cooling parpoees, 
consequently the system was worked under most favourable 
circumstances. Although now coming to ns from abroad, the 
pneumatic system had been known in England a long time, 
and various patents had been taken out in respect of it. The 
first by Mr. P. Stead in 1842 was for various processes in the 
manufacture of malt bolh in the growing and drying. In the 
latter he seemed to anticipate the present double-floor kilns, 
or rather he started with the idea of four floors in the kilns, 
but worked with two. Unfortunately his patent was encum- 
bered by various other alterations worse than useless, and 
the result was failure, and no one who saw Mr. Stead's original 
drawings would be surprised at the result, no doubt due, so far 
as tlie kiln was concerned, to the manner of manipuiation, and 
not to the principle, which experience had shown to be correct 
and certainly an improvemeut. As to the priority of the 
introduction of the double floor, he believed that Mr. Flynn 
was contemporaneous with Mr. Stopes in adding a second floor 
to one of his kilns at Bishop Stortford. 

Mr. T0MKIN8 said there was one slight inaccuracy in Mr. 
Stopes' paper with regard to the characters of imperial amber 
malt. There was kiln-dried amber malt, and imperial, or 
cylinder-dried amber malt, which were the same thing. He 
believed that the cylinder-dried amber malt required a tem- 

ferature of nearly 400°, certainly a temperature over 350°, 
F Mr. Slopes had spoken of kiln-dried amber malt he would 
have been correct ; but it did not follow that a temperature 
of 240° caused malt to become amber malt. At temperatures 
of from 220° to 240°, malt might be dried perfectly pale, with 
a quick draught of air through the kiln, and the products oi 
combustion separated from the hot dry air ; and the higher the 
temperature, tlie sounder the malt would be. He could not 
say that he had had any experience in the use of double floors 
in the manufacture of barley malt; but it aripeai-eil to him to 
be a disadvantage when the first piece was lowered that they 
must load the upper wire with green malt. A damper was 
thus put on the draught through the lower floor just at the time 
when a quick draught of air was required to pass through the 
grain. The grain on the upi>er floor ought to be dried down tu 
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It perueutage of moisture below 12° before it ia dropped on to 



the lower kiln-floor. It 



to him that a similar result 



to that claimed by a double kila-floor might be arrived at with 
a single floor by wetting more frequently, that was to say, 
every two or three days, or as often as the process would allow, 
inatead of every four daya. By that means they might get 
through the same quantity of malt in the year. That would 
give a thinner piece on the kiln, thus obtaining the advantage 
which was claimed for the double floor, and at the same time 
avoid the disadvantage of damping the draught just at the 
time when a quick draught was most essential to the soundoeaa 
of the malt lowered. He understood Mr. Stopea to say that 
malt ought not to be used after it had been off the kiln three 
months. He imagined that that statement would point to 
the use of the pneumatic malting. Malt, however, certainly 
was used very much older off the kiln than that, and most 
brewers preferred malt more than three months old, if properly 
stored, as being more mellow and giving better fermentations 
than malt brewed ao fresh off the kitn. 

Mr. Leney said a few months ago he had the pleasure of 
seeing the malting of Mr. Saladin in full work. He had 
himself had the double kiln-floor at work all the season, and he 
could speak very highly of it. 

Mr. Peior said that he was very much interested in ons 
point which he did not expect to hear referred to in the paper, 
and that was the amount of malt which was transferred to the 
kiln by machinery instead of by tlie shovel. He had had a 
machine put up for that purpose. It was fitted with ordinary 
cups for dry corn and was quite a failure. He then sent it 
bai.'k to the maker. He had now a machine being made after 
his own design and be found he had done the very thing which 
Mr. Slopes had told them to do in his paper. The work was 
done by means of a web and roller. He could confirm the 
remarks which had been made by Mr. Nursey about Hermann's 
wire floor, Mr, Btopes had put up a new floor for him (the 
speaker) of that description, and he was much pleased with it. 
He was rather surprised to hear Mr. Slopes state that grain 
cotdd be carried up at an angle of forty degrees. 

Mr. HiTOH said Mr. Slopes seemed to object very rightly 
to the great difference in temperature between the top of a 
piece of malt and the bottom, and yet he said that on the 
top floor in the double kilns, where the difference was greatest, 
the malt should lie for forty hours without being turned. He 
(the speaker) did not quite understand that statement. He 
had visited one or two mailings which Mr. Slopes had put up. 
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and although thnt gentleman's dictum was that it was quite 
unnecessary to turn the malt for forty hours, lie (the speaKer) 
had never found it so in the practice of any maltsters that bad 
adopted Mr. Stopea' double-kiln plan. One had told him that 
it was never more than three or four houre without being turned 
or ploughed, and another said it wanted turning every three houra 
in the day, otherwise the roota ran at the top in all directions. 

Mr. Stopes, in reply, said that although Mr. Kursey had 
referred to the difference in section between the round and the 
flat wires, he had not mentioned the very great difference which 
the present construction of floor gave to the actual air space. 
He (Mr. Slopes) had for some time contended that it was most 
important to have as much air as possible, within due limits, 
passing through the malt. That section enabled them to 
have a much greater air space per superficial foot than any 
other with which he was acquainted. The echangeur of which 
Mr. Nursey had spoken so favourably, presented the means of 
accomplishing several most desirable ends. One was to enable 
them to cool and purify and exert a variety of influences upon 
the air, at a comparatively small outlay and in the most favour- 
able manner. With regard to Mr. Kiusey'a questions as to the 
difficulties of Australians and Canadians in working pneumatic 
mailings, he had had very little experience in that matter either 
in the Colonies or in Canada ; but he had put up a number of 
ordinary mailings and built a number of double kilns in Aus- 
tralia and New Zealand, all of which were working well, and 
he believed that they made fairly good malt. Those who did 
know how to make tlie pneumatic mailings work, did not 
not understand the right conditions, for it ought to be a much 
more certain process to make good malt in a pneumatic house 
than in an ordinary house where such great differences of tem- 
perature existed as in the Colonies and in Canada. Mr, Kinsey 
also asked why the plan of ntilising the actual products of com- 
bustion was not adopted in kilns. In Mr. Tomliins' kiln there 
was a series of furnaces which did not allow the actual air 
which went through the fuel to go through the mail which was 
lying on the floor. The air going through the malt was heated 
hj coming in contact with a series of flues, aud although that 
gave a very high temperature there was not tlie power to 
control the temperature. It had been the opinion of practical 
maltsters for many years tliat it was most desirable that malt 
ehould come into contact with the actual products of combustion, 
BO thai it might gel the creosoticig influence or the empyreumalic 
influences of combustion. Although they might possibly make 
malt perfi3ctly dry by putting it into an oven, they would not 
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pet a properly fluvoured malt by such a [VOceaB. Mr. Einser 
had also asked why kilos in old houses oonid not be mora 
readily altered. He (Mr. Stopes) had altered a eanadenUe 
uumU'r of kilns in old houses, and iaTanablj with fitvoQAUa 
resutte. Mr. Hitch seemed to think that mouldy graia «m the 
necessary consequeDce of pneumatic workii^; nt if he hwl 
seen samples of malt which he (Mr. Stopea) bad, at tbe ezlubi- 
tion at the Agricultural Hall last year, he would ant have been 
able to say auythiug about mould. If Mr. Hitch had sees any 
Kreat amount of mould iu malt made by the poeanatic pneeai^ 
the houBo could not have been rightly 'wnstnicted, or ttte pto- 
(^ellll could not have been rightly worked. With i^ard to the 
conical steeps, he had not laid any very great stress upcm them 
in his paper, but any one who had seen them workup must 
know the great advantage of being able to steep bailey by that 
means. 

With regard to the advantages of two-floor kilns be would 
jHiiiit out to Mr. Hooper, Mr. Tomkins, Mr. loskipp, and 
fKiVoral oUier speakers, that the subject of drying malt aa two 
flrwrs appeared to be seriously misunderstood. Let them 
KUptKMHJtiiecaseofa kiln which had been worked fcr aome veais, 
and which was capable of drying the malt grown in a booae 
»it<«tping (iO quarters of barlev, which, owing to the ina«mracy 
of tile measurements by the architect, was really capable of 
growing 80 quarters. In order to steep 60 qnarters. they bad 
lo allow some 12 or 16 inches of grain upon the drying-floor. 
II. look nearly four days to dry it properly, and it had to be 
tiiniiid over very frequently indeed, iu oraer to prevent the 
Uvkn running out, and other evils. If they put another cisteni 
Into ttiitt houNO, and made it steep 40 qaaitera every other day, 
itiNt^uul of (iO every 4 days, and pot in another floor to tbe kiln, 
tlt«y Hiitircly altered the character of the hooae^ At the outset 
Umy would have 8 inches of grain lying on the floor, and in the 
(•((iirtm of ft wiHpln of days that would have loet 80 or 90 per 
mnl, of itfi moisture and about half of its balk. At the end 
of two dnVH tlmy wonid dispose of that grain bydnxipiDg h 
thfotiKh tho fl<«»r, and then they would conseqneoUy load tbe 
tiii'li.r fl/.(.r with 5 inches of "hand-dry" grain. Tbey would 
th«i> loud th'i nmier flwr with a second steeping.and the nodt 
would I." that thoy would have 5 indies of coin on ftehmr 
fliwir, and H Infilnmof com on the upper floor, nntvooldgin 
]» liiolioM of vutn for HO quarters, instead of laiadeafiir 6U 
f\mit*in, wlilcli there would be if there was only one kth-floor; 
fliid it would b" found that the air would get mow fiwiy titeon^ 
|Im> two fltjow of b inches and 8 inches, than thKMgk one floor 
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of 12 inclias. In the case of the two floors being naed, there 
would not be the same necessity for turning. All that would be 
needed would be to lighten the grain up with a plough-fork or 
a pronged shovel, in order to get a free circulation and upward 
escape of air througli it The practical result was that, instead 
of throwing a«ay the heat owing to the free radiation from the 
upper surface, they would be utilising the fuel a second time, 
and effect a moat important saving of coal. That, however, was 
but the smallest economy, because they had the power to 
control the conditions of the temperature very much better 
than in any single-floor kiln which he had ever seen, Mr. 
Inskipp had spoken of the cost of pneumatic houses. Houses 
of small dimensions, say for only 20 or 30 quarters, were neces- 
sarily more expensive in proportion to their size than the 
larger ones, but when they built a house for a steep of 100 
quarters, the cost of a pneumatic house was materially reduced. 
He could build a 500-quarter pneumatio house at half or one- 
third of the cost which would be needed to make English 
houses of 500-quarter steep. He had seen several houses 
which steeped nearly 200 quarters on the English plan, and he 
stronpily condemned them. He maintained that it was impos- 
sible for any maltster rightly to regulate the temperatures in the 
centre of a floor which was 80 or 100 feet wide. He strongly 
condemned any growing-floor which was more than 50 feet in 
width. With regard to the temperatures, Mr, Tomkina was 
quite right, and be (Mr. Stopes) was quite right too. Of course 
it was impossible in a comparatively brief paper to give 
every minute detail. Mr. Torakins spoke of the disadvantages 
of a second floor, and he seemed to think that steeping very 
■frequently, say every two or three days, would answer the same 

Eurpose. He trusted that Mr. Tomkins did not think so still. 
1 an old house, in which there was free radiation from the 
upper surface of the malt, the temperature of the top surface 
might be 50°, or 60°, or even 90° lower than that of the 
bottom surface. He contended that if one portion of the malt 
bad never been raised to within 90° of anotlier portion of the 
malt, the two portions could not be alike. It could not be 
expecled that malt which had been dried at a temperature of 
240° could be of the same kind as malt which had been dried 
at 150°. Brewers had put up with it, no doubt, in the past; 
but he contended that in future years they would not buy malt 
concerning which the maltster could not say that every kernel 
had been within 50° of a given temperature. He had never yet 
seen a man so skilful with the shovel, that he could ensure that 
(he malt which was lying at the top could be brought to the 
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bottom, in order to get the proper temperature. He did not 
tbiuk that the laying of malt in a heap without acceBB of air 
was Bufficient to modify its constituents to the required extent. 

With regard to three months' malt, he believed that many 
brewers were of opinion that malt which had been properly 
stored for three months was in about its beat condition. 
Mr. Prior had referred doubtingly to the belts for carrying 
grain at an angle of forty degrees. He (Mr. Slopes) had seen a 
number of them, and he could only repeat that they did carry 
up the malt at that angle. He believed a chain with cups was 
very harmful to the green malt, because malt which was fit for 
the kiln was iu its most tender state, and should it receive any 
injary and be put on a kiln where it would be kept forty or fifty 
bonra at a temperature of 110°, it had power to create a large 
quantity of mould. Mr, Hitch said he had never met with any 
one who had worked without turning the malt. He (Mr. Stripes) 
could introduce him to a number, and he would be able to see 
malt being made in a very good manner without being touched 
npon the kiln otherwise than oy being just ploughed. He believed 
that, after a few years, maltsters would abandon the practice of 
turning the malt. He had great hope that the maltsters would 
gradn^y learn those things which were beneficial to the users 
of malt as well as to the makers. 

The Pebsident said Mr. Stopes had brought before them a 
very interesting subject, and one which seemed to show how 
great had been recent advances in the use of machinery for 
malting, to perform work which formerly had been done entirely 
by hand. It was remarkable how, in this instance, legislation 
had quite revolutioniBed an entire trade. We did not often 
now see any manufacturing process which had gone on for years 
80 suddenly altered, and brought under control of the chemist, 
the botanist, aud the engineer, as that of malting. They all 
knew that dry fungoid growths were entirely prevented by the 
free access of air; and it seemed to him that the same thing 
held good in malting as in other things. The angle of forty 
degrees at which the grain was carried up by belts seemed to be a 
Tery couBiderable one. He believed that the first use of belts, 
for carrying grain on any extensive scale in England, was made 
by Sir William Armstrong at the Liverpool Docks. The 
Members were much indebted to Mr. Stopfs for bringing for- 
irard the interesting subject of malting ; aud he thought that 
one result of it should be a further improvement, and an advance 
in malting, for engineering seemed to be taking its place in 
malting as it had done in many other scientific processes. 
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ARTHUR RIGG, President, in the Chaie. 

SOFT versus HARD WATER FOR MANUFAC- 
TURING PURPOSES. 
By J. 0. Fell. 

The object of the author in submitting this paper to the" 
Membera of the Society of Engineers, is to draw atleiitinu to a 
snbject which, apparently trivial in itaelf, is found to l>e of 
imnieiise financial importance in a large number of manufar- 
turing industries, ana he Jiopea to bufficiBnlly explain the 
scientific buses upon which the Members of this Society may 
themselves have to deal with the subject in processes or inann- 
factureB coming under their direction and euperiutendence. 
To deal with the subject systematically, it is first necessary to 
define clearly the distinction between bard aud soft water. . 
Soft water is chemically puce, or merely mixed with organic 
matter. Diatilled water perlectly fulfils the former of these 
(.•onditions, and is essentially soft This is owing to an im- 
portant consequence of evaporation, which should be re- 
membered by all engineers, in this, and similar subjects, viz, 
that the water upon evaporation leaves behind all the mineral 
matters that may be in solution with it, as precipitates in the 
evaporating-pan. This .is instanced in a well-known case, in 
the manufacture of salt by the evaporation of brine ; the salt 
being precipitated, while the water passes off in a chemically 
pure vapour. All rain-clouds, then, which are formed by the 
evaporation of water from the sea and other large liquid 
surfaces by the heat of the sun, are chemically pure, and rain 
therefore falls to the ground as soft water. In passing, 
however, through the atmosphere the rain-dropa absorb a 
oonsiderable proportion of free oxygen, and also sulphuric and 
carbonic acids, which are always present in the atmosphere. 
These acids and oxygen do not of themselves in any way alter 
the character of the water, or render it hard, but have the 
important effect of enabling it to take up earthy salts into 
solution whilst percolating through the earth, which eventually 
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cause the water to become hard. The absorption of carbonic 
acid by soft water does not take place only, or even chiefly, 
while falting tlirout;h the atmosphere, but is greatly effected 
afterwards, whilst the surface water is percfilating through 
tlie open interstices of the earth, in which large volumes of 
carbonic acid are held imprisoned as it were. The result of 
this charging of the water wilh free carbonic acid in solution, 
is that the water is capable of forming, and holding in invisible 
solution, large quantities of cjirbonate of lime, chiefly formed by 
the passage of water through deposits of chalk. Similarly, the 
BulpLuric acid combines with chalk to form a solution of sul- 
phate of liine, and the other Eicids unite with other minerals to 
form salts. The carbonate of lime forms what is called "tem- 
porary hardness," and is so termed because any treatment of 
water hy which it is heated to boiling-point causes the occlusion, 
or giving off of the free carbonic acid gas, and hence the 
precipitation of the larger proportion of dissolved carbonate 
of lime, and this even without total evaporation, as the car- 
bonate is no longer held in solution by alkaline or neutral 
water. Many waters, however, are permanently hard, and 
cannot be rendered soft bv simply being raised to boiling-point. 
These waters owe their hardness chiefly to sulphate of lime 
being in solution therewith, as also chlorides of calcium and 
magnesium, and nitrates and nitrites of the same bases. Al- 
though these mineral matters cannot be thrown down by the 
raising of the water to boiling-point, as is the ease with the car- 
bonate of lime, it must not be forgotten that all these mineral 
sediments are freely deposited as crystals by the total evapora- 
tion of the water, in the same way as salt from a solution of brine. 
These considerable solutions of mineral salt^ in water used 
for ordinary evaporating and general purposes, offer an immense 
amount of trouble and financial loss, though the cause in itself 
seems so trivial a one to those who may not have given the 
matter their immediate attention. That these difficulties are 
very generally to be met with, particularly in our own London 
district and suburbs, may be realised when it is stated that all 
Thames and New River water has about 14° of hardness, which 
is equivalent to holding about 3J oz. of carbonate of lime per 
100 gallons of water in solution. Kent water is worse still, 
having something like 24° of hardness on an average, equiva- 
lent to about 6 oz. of carbonate of lime held in solution per 
100 gallons. These facts are most easily tested and proved by 
the soap test. This (consists in the treatment of the water by a 
clear solution of Castile soap in alcohol in the standard proportions 
of 10 grains of soap in 1 litre of alcohol. The soap solution is 
added &om a graduated tube in successive quantities, representing 
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1 grain of Hoap, If curding ensues, the soap is being converted 
into an insoluble stearate or oleate of lime by the carbonate of 
lime in the water. When curding ceases and saponification 
ensues, the carbonate of lime is neutralised aud the measure of 
the hardness of the water is ascertained. 

With regard to manufacturing processes affected by this 
temporary and permanent hardness of water, it is evident that 
one of the most important applications for the attention of a 
body of engineem, such as the present, is the evaporation of 
water in ordinary steam-boilers. The facts are practically 
welt known, no doubt, to most of you by their restilts, but the 
following estimates of the gross costs and loss due to sedi- 
mentary deposits may be of interest. Taking the ordinary 
rate of evaporation of a SO-horeepower boiler, via. 1 cubic i'oot 
of water per nominal horsepower per hour, and the percentage 
of solid matter in the water evaporated at 3^ oz. per 100 
gallons, solid deposit is thrown down at the rate of 4 lb. per day, 
This reaches approximately 1 cwt. per calendar month, wliich 
gives a graphic idea of the amount of covering of the heat- 
ing surface actively going on in boilers fed with hard water. 
The author has received authentic information that in a large 
factory on the south of the Thames, sediment has been found 
to collect to the extent of half an incli in thickness in the 
space of three months, when undisturbed and uninterfered with 
by any chemical substances. On the siime authority it has 
been stated that a ^inch deposit causes a loss of 25 per cent, at 
least in evaporative efiiciency of the fuel, without taking into 
account the great danger of overheating and the consequently 
rapid deterioration of the tubes or plates. If, then, this result 
of 25 per cent, loss of fuel be taken as the maximum that is 
likely to be allowed before remedial measures are put in hand, 
it is evident that 12 per cent, loss of fuel is a fair average with 
constant cleaning every three months. In a 30-borsepower 
boiler this would represent at least 1 ton of fuel a week wasted, 
irrespective of the inconvenience and cost of the constant 
cleansing required. 

From the remarks in the earlier portion of the paper, 
it will be easy to realise what takes place in the course of 
such evaporation. So soon as the carbonic acid gas held in 
solution is given off at an early stage of boiling, the carbonate 
of lime Ibrming the temporary hardness of the water will 
precipitate as crystals, tending to adhere firmly to the heating 
surface of the lioiler. After total evaporation has taken place 
or when saturation point is reached, these deposits will be 
increased by the sulphate of lime or other chlorides and 
nitrates held in solution by the water. The grease or other 
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Tlduals, are frequently lost sight of in tlie case of large instita- 
tionB, workhouses, hospitals, &c., where the evil becomes of 
commercial magnitude. 

There are, however, other obscure and probably compara- 
tively uukiiown evils arising from the general use of hard 
water, viz. its injurious effect* in the long run upon both 
vegetable and animal life. The author has information from 
a large horticulturist that having earried out experiments with 
the use of hard water for the watering of plants, he found that 
the continued application of such water, where the plants were 
otherwise covered from the rain, destroyed certain plants in the 
period of about eighteen months, and impeded the growth of 
others. Further information has been received from large 
Btock-breederB that owing to the noted bad effect of the supply 
of nothing but hard water for drinking purposes to cattle and 
horses, it pays the breeder to send long distances for a supply 
of soft water for his stock. Hard water is also known in the 
experience of the managers of aquariums to be prejudicial to 
the health and life of certain fish. 

To deal with the serious disadvantages already referred to 
many remedial processes have been put into operation. These 
may be classified as follows : — 

1. Chemical processes by which the salts producing tempo- 
rary and permanent hardness are endeavoured to be precipi- 
tated and thrown down before use. 

2. A preliminary treatment of the water by simmering, which, 
by the occlosion or driving off of the free carbonic acid, will 
serve to disengage and precipitate the carbonate of lime forming 
temporary hardness. 

3. The application in closed vessels, such aa boilers, &c., of 
chemical reagents, to efl'ect the precipitation in a manner 
other than that of the crystals adliering to the heated sur- 
face, so injurious to the transmission of the heat, or in such 
a manner as to tend to prevent the dt-position of the crystals 
altogether. 

4. The application of electrical currents to prevent the depo- 
sition of the crystals upon the heated surface. 

Of these, under the first heading, the process invented many 
years since by the late Prof. Clark, of Aberdeen, is one 
of the best known. The pilnciple of the process consists in 
adding a solntion of caustic lime to the water to he softened. 
The effect of this is to abstract a portion of the carbonic acid 
from the carbonate of lime in solution, both portions of lime 
being thus brought into the condition of a neutral carbo- 
nate, which becomes gradually precipitated. The water to be 
softened is treated hv a solution of caustic lime, proportioned 
according to the is, from 1 to 2 of lime water, to 9 of 
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sard water. The quantity of lime which ia required for the 
water for which the process is employed, may thus be added as 
frequently as necessary to the great bulk of the water to be 
softened, as contained in one or more reservoirs lined witli 
concrete. Care must be taken to render the wafer as nearly as 
possible neutral, for any excess of free lime would be very 
objectionable. This process of course only deals with the car- 
bonate of lime, and does not throw down the sulphate or other 
Baits, which give to water what is called its permanent hardness. 
As, however, the permanent hardness is generally small in 
degree as compared with temporary hardness, this process, 
though far from accurate in its nature, or easy in it« use, has 
been largely adopted by itself, and when combined with im- 
provements invented by Mr. John Anderson Porter. The 
essence of Mr. Porter's improvements is that the precipitate is 
caused to fall upon screens, and thus forms a filtering medium, 
obviating the necessity of numerous tanks, requii'ing time to 
settle, which constitutes the great drawback to Prof. Clark's 
ori gin al method. 

What the author considers a decided improvement upon 
the process has. been lately invented and applied by Mr. 
P. A. Maignen, whoso name has now been so long associated 
with filtering operations. The material specially invented 
^ly him for his process is added to any volume of water 

o be softened, and by the fineness of the powder, which 
gives great permeability and thus ensures a certain action 
of the reagent and permits proportioning with exactness, 
and by the peculiar successive character of its reactions, 
produces a successive deposition and precipitation of not 
only the carbonate of lime, but the sulphate of lime and 
other mineral salts, thns removing both the temporary and 
permanent hardness. As softening by this process can readily 
be effected by a regular feed to comparatively small successive 

'olumes of water, there are no large reservoirs necessary for 

he process, but the water may be effectively softened by an 
automatic feed, regulated to suit tlie supply. 

Under the second heading of treatment for softening by 
simmering. This very simple means of partially dealing with 
the evil is within the reach of any engineer. There is usually 
waste heat up to at least a temperature of 212° available in 
'jflues or chimneys which could be utilised for the keeping warm, 
approximately to boiling-point, of the feed-water, before being 
fed into the ijoiler, and the occlusion of the carbonic acid gas so 

produced would serve to precipitate the carbonate of lime, and 
thus remove the temporary but larger portion of the hardness 
of the water before the water is admitted into the boiler or 
other closed vessel at all. 
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Under the third heading, the addition of chemicals to the 
water in the closed vessel, such as a boiler, cannot, in the 
author's opinion, be recommended, as it tends to permit an 
excess of the reagent being introduced, creating unknown and 
possibly injurioQs acid or alkaline action upon the material of 
the closed vessel or boiler. 

Under the fourth heading, a cnrious though well-known 
electrical phenomenon has been noticed as associated with the 
deposition of tlie crystal salts on the healing surfaces of boilers. 
This is of the following nature: — That from the surface upon 
which the crystals are deposited, a current of electricity is de- 
veloped, returning back through the water to complete the circuit. 
The phenomenon was noted by Mr. Field, whose name has been 
BO long known in connection with the " Field " boiler, and he 
has successfully attained the almost complete prevention of 
the deposition of crystals of salts upon the heating surface of 
evaporating vessels, such as boilers, by the introduction of an 
external weak electrical current in the opposite direction to 
that generated by the natural deposition of the crystals. This 
serves to prevent scaling on the heating surface in proportion to 
the strength of the current employed, the solia or mineral 
matter being thrown down as a powder to the bottom of the 
boiler, from whence it is easily brushed out or blown out in the 
nsnal way. 

From the foregoing resume of the scientific and chemical 
causes for the deposition of scale from water upon heating 
surfaces, and the references to well-known and approved pro- 
cesses for dealing with the difficulty, the author hopes sufficient 
has been said to indicate the difficulties and dangers and to 
point out simple remedies. 

[The 'paper was iUusirated throughout Jjy experiments,] 



Mr. Baldwin Latham said there appeared to be a great 
deal of mystery about the process for softening water. He 
should like to know what was the material used for softening 
which had been so strongly recommended. As an engineer 
he should certainly never recommend any one to adopt a 
process for softening water unless he knew what was to be put 
into the water in order to soften it They were told that 
Maignen's preparation was a powder. They could assume that. 
A great many compositions might be made into powders. He 
should conclude himself that it was a mixture of lime aod 
carbonate i>f soda or caustic soda; at least that was what it 
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id like. If they knew what the material was, they could 
judge of its merits. It appeared to be a very expensive mate- 
rial, for he found that it was advertised at sixpence a pound, and 
that one pound would only purify from three to five hundred 
gallons of water. By the ordinary lime process they could purify 
a thousand gallons at the cost of a farthing;. To pay a shilling 
for what they could do for a fartliiug was not a measure which 
any engineer would advocate at the present day, Eeferriug to 
the experiments, there seemed to be something very wrong in 
the mixtures on the table seeing that they bad not got, with a 
mixture of sewage and London water, a greater amount of 
turbidity than had appeared. He should like to know how hard 
the water was to whien the lime-water was added, and what was 
the strength of the lime-water. They knew that in Prof, 
Clark's process if sufficient lime was added turbidity took 
place at once. The Porter-Clark and Atkins processes of 
aoftening water were very similar to this process in the fact 
that the water was filtered. The Atkins process was almost 
identical with that adopted here. Lime-water waa mixed with 
the water in proper proportion, and then it had to be passed 
into a tank, and from that tank it waa passed into filters. The 
filters were cleaned by mechanical power when necessary. One 
of the newest of all the processes for softening water, and which 
had been at work in this country, was one described in a 
pamphlet by Mr, Howatson, The pamphlet was certainly one 
of the most sensible which he had read upon the question of 
the purification of water. There was no secret whatever in any 
part of the scheme. What Mr. Howatson recommended was 
not a process, but an apparatus. The apparatus was extremely 
simple. If it was as efficient as was stated by the author, 
it bade fair to compete with all the other modes which were 
BOW before the public. Simply to call a tiling by a grand 
name, and sell it at so much a pound was not the way to get 
aa engineer who knew his business to take it up. The process 
of softening water waa one of great antiquity. The softening 
of water was practised long anterior to the invention of soap. 
The first mention of the manufacture of soap was in the 
'Natural History' of Pliny, who died A,D. 79. Before that 
period, lyes or compositions of various substances were used for 
cleansing purposes. The lyes were made principally by pissing 
water through wood ashes, or lixiviating with wood asbes. In 
many of the southern countries natural soda was used for the 
same purpose. In the Bible, the lye of wood ashea was men- 
tioned, and in another instance tliere was a reference to fullers' 
jap, or what is supposed to have been soda. The use of lime 
»r softening water seemed to liave been known early in the 
lird century. Every alkaline salt, eepavaV^V-J a»4 "Kivs.'e^,^^».i. 
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been used or recommended as an agent for softenins water, 
and there was no room for further inventicm in that direction. 
Probably it would be found that the only new feature in 
the process nnder discussion waa the labour-saving appliances 
by which the softening process was to be brought about. 
He had not heard from the author of the paper any reference 
to the influence of the hardness of water npon health. No 
advant^e had ever been shown to arise from the use 
of soft water from a sanitary point of view. He believed 
it was admitted that waters which contained an excess of 
eoda in solution were extremely injurious in certain urinary 
disorders, but the idea that hard water had a tendency to 
produce stone had been exploded. The only reason given 
tor it was, that it was said that more people died of stone in 
Norfolk, and espet:ially in Norwich, than in any other parts of 
the country. But it so happened that at the period when this 
fact was noticed a celebratea doctor had tiiken up his quarters 
at Korwich, and people auflering from the disease went to him 
from all parts of the world ; and it was in consequence of this 
that death from stone happened more frequently in Norfolk 
than elsewhere. Since the attraction for such patients had 
ceased, Norfolk suffered no more from complaints of that 
description than other parts of the country whicii had perfectly 
solt water supplies. The author had stated that soft water was 
better for fish than hard. It was, however, known that all 
round the neighbourhood of London the finest trout were found 
in the Wandle or the Darent and other hard water streams. It 
was not quite the thing to say that fish could not thrive in 
chalk streams, for those persons who preserved trout in such 
streams knew that they had the greatest difliculty in keeping 
down other fish in order to give the trout fair pJay. Hence 
hard water in its natural state was not prejudicial to fish ; but 
probably hard water taken directly from a well, in which the 
aeration would be carbonic acid, would be destructive to fish or 
extremely injurioun. Most river waters were very hard except 
in the region of the primitive rocks. Chalk streams were the 
very places where the fish bred, and the fish in them were 
always extremely healthy. The great detriment to a chalk 
stream seemed to be pollution of an organic character. It had 
been shown by Dr. Clark and by the Hiver Pollution Commis- 
sioners of 1874, and also by Mr. "Wanklyn, that the softening 
of water by the lime process really tended to remove much of 
the oi^anic impurity from water, so that in all probability the 
softening of the water would be extremely beneficial provided 
they didnot put into the water something which was deleffirious. 
Dr. Clark's softening process was. no doubt, a graud discovery 
which had betn a great public advantage, and he (Mr. Latham) 
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wondered that the author of the paper had not described that 
process more at length. It was well known that every pound 
of pure chalk as it was taken out of tha ground contained 
7 oz. of carbonic acid and 9 oz. of lime. Chalk itself was 
only soluble in water to the extent of about 1 grain per 
gallon ; but if the 7 oz, of carbonic acid which would be 
driven off by burning 1 lb. of chalk were allowed to combine 
with 1 lb. of other chalk there would be immediately formed 
23 oz. of bicarbonate of lime. That 23 oz. of bicarbonate of 
lime would he soluble in water, and this was the ordinary state 
in which it existed when water had passed through chalk, red 
sandstone, oolites, or lias, all of which more or less contaiued 
lime or carbonic acid and lime. Any water containing carbonic 
acid would take up cbaik in the proportion stated. If 1 lb. of 
chalk was burnt and 7 oz. of carbonic acid were driven off, 
there would be 9 oz. of lime left. If 9 oz. of lime were added to 
the mixture containing 23 oz. of bicarbonate of lime, the 9 oz. and 
the 23 oz. added together would make 32 oz., and therefore there 
would immediately be formed 2 lb. of carbonate of lime. This 
substance being insolnble in water except to a slight extent, the 
2 lb. of carbonate of lime would be precipitated. This process 
of Dr. Clark's was a very beautiful one, and it waa certainly a 
wonderful advance in chemical science to bring about such a 
result. He (Mr. Latham) was afraid that the small progress 
which had been made with this process of softening water 
could never have repaid Dr. Clark for his labour, and the great 
.advantage which he had bestowed upon the public. The paper 
stated that the precipitate which was product by Mr. Maigaen's 
'powder contained iu all probability carbonate of lime and 
sulphate of lime. He siiouid like the author to tell them how 
sulphate of lime could be precipitated from water. Mr. Fell 
had told them clearly that the lime-water could only affect the 
carbonate of lime and could not affect the sulphate of lime. 
Therefore there must be something besides lime in the author's 
composition. If the author could tell them liow it waa poeaible to 
make sulphate of lime insoluble in water, he (Mr. Latham^ would 
be glad to know. He had always thought that it waa soluble to 
the extent of 1 part in 500 by weight of water. What really 
happened with regai'd to the sulphates was not that they were 
ever precipitated, but they were cnanged. The sulphate of lime 
was converted into auiphateof soda, which itself remainedin solu- 
tion to a veiy much laiger extent than sulphate of lime,and was not 
so liable to be precipitated. In fact they had the same process 

foingon in London, If any one would go to the outside circle of 
lOndon and draw a sample of water from the chalk wells, he 
would find a certain de^iree of hardness in the water. If he 
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would come to an intemit'diate well, say at Wimbledon, 
was not very far from the area covered by the tertiary strata, be 
would find that the water was thanged in its character. In 
passing from the outside chalk area under London it. had 
changed, and there it would be found that salts of lime had 
been replaced by salts of sodii, until they came into the very 
heart of London. The water found in the deep wellfi in the 
centre of London had only some 4° of hardness, although it had 
16° in the outer circle. It had exchanged the calcareous salts 
for salts of soda, and so the water was soft although it contained 
a large amount of salts in solution. 

Mr, HowATKON, in explaining the Gaillet and Huet process, 
said that when a liquid holding in suspension a solid body was 
contained in a vessel in a state of rest, the solid body, if its 
density were superior to that of the liquid, tended to fall to the 
bottom, and did so full after a longer or shorter period. The 
length of the process of deposition depended not only upon 
the nature of the liquid and the nature of the solid, but also 
upon the shape of the vessel Given the nature of the liquid 
and that of tne solid, the question was to find what form of 
vessel permitted the most rapid deposition. It was found that 
the deposition was more rapid in a shallow vessel than in a 
deep one. That was natural, seeing that in a deep vessel the 
solid molecules gradually sinking from the upper levels dis- 
turbed the lower levels. The lowest stage, which would 
rapidly become clear if it was isolated, received one after the 
other all the impurities of the upper sections. Tiiat observsr 
tion would lead one to select as most suitable a vessel of 
shallow form, one in which the water would rest in a shallow 
sheet. It would be observed that in the top part of the glass 
containing water which was being softened by the Clark process, 
there was about one inch of perfectly clear water ; the idea struck 
Messrs. Gaillet and Huet that if the glass was divided into 
layers of 1 inch each, the whole column of water would clarify as 
quickly as the top layer, so that a column of water taking fifteen 
or sixteen hours to clarify by the Clark process, would only 
take two to three hours by the Gaillet and Huet process. Their 
apparatus consisted of a rectangular reservoir, divided vertically 
by a series of diaphragms inclined at an angle of forty-five 
degrees which were riveted altematelv to opposite faces. Those 
diaphragms were themselves formed oi' plates inclined at the same 
angle, so that the whole apparatus consisted of a series of alter- 
nating comjjartraenta, all of whose sides were inclined at an angle 
of tbrty-fivB degrees. Besides, by the arrangetneuts adopted. 
all the plat "ned towards the same face of the apparatus, 

where tboy series of discharge cocks. In consequence of 
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the inclination of forty-five degrees the deposit descended gradu- 
ally to the bottom of the compartments, and was thus removed 
from the action of the current, in fact it collected together in . 
a portion of the water situated without the active stream, and 
from places where once deposited it could not be carried away. 
The process of clearing out the deposit was very easy. 

Mr. Latham said that he should like to know what advan- 
tage was to be got from softening the water for brewing. He 
had always been taught that if they boiled water tliey got 
exactly the same degree of softness as they would get by the 
nse of a softening process. He presumed that in a brewery 
the water would be boiled a sufficient length of time to soften 
it, Wliat advantage then was to be derived from carrying out 
an additional process for the same purpose. The carbonic acid 
was expelled by boiliug, aud precipitation took place; With 
respect to the Porter-Clark process in its present form, he 
regarded it as the most convenient process which they had, 
because they could pump the water from a well, pass it through 
an apparatus, and deliver it at a distant point, without its ever 
cximing into contact with the atmosphere. 

Mr. W. G. Pierce said he had had five years' experience of 
floftening water by means of Dr. Clark's process at the Canter- 
bury Waterworks. It was well known that brewers always 
preferred hard water. They sank a well on their own premises 
where they were able to do so. At Aylesbury, after the water 
was softened by Dr. Clark's process, the brewers hardened it 
!«gain by adding gypsum. He had found by calculation that 
'the cost of softening by Clark's process was just a farthing for 
each pound of material used, including labour and everything. 
The cost of softening a thousand gallons of water was yg of a 
penny. At Canterbury they had to contend with the difficulty 
that some colours would not stand in the softened water, and 
laundry-women used to complain that dresses (inferior dyes) 
were spoiled in conaequenca The quantity of chalk abstracted 
was aoout 25 oz. per 1000 gallons. Cost was incurred 
at Canterbury in bringing lime from Chatham (28 miles 
'distant) for the softening process, for the chalk of the district 
ras not suitable. The lime used was made from the soft upper 
chalk. Moat persons preferred soft water for washing purposes. 
The water company at Canterbury would have had some diffi- 
culty in obtaining customers if they had not bten able to 
supply soft water, for hard water could be easily obtained by 
sinking wells 15 or 20 feet deep in the upper chalk. The 
ansofteued water would clog up a 1-inch diameter pipe solid in 
about twelve mouths. One advantage of the processes recently 
patented, viz, tlje Porter-Ciark, Atkins, aud "MawfteTi*, oni&x 

1.1 
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Clark's process was the small space which the apparatus occupied. 
As to the proportions used, 1 gallon of clear lime-water would 
soften 8 gallons of the Canterbury water. Nitrate of silver waa 
used as a test for excess of lime, so that there might not be 
more used thau was just sufficient to deposit the chalk, reducing 
the hardness from 16" to 4°, 

Mr. John Porter said it occurred to him when the ex- 
periment of treating water by Clark's process was performed 
by the author of the paper, that suSicient lime-water waa not 
added to the water. About one-eighth or one-ninth part of 
fnlly saturated and perfectly clear lime-water was often neces- 
sary ; and rather less for the London water supply. He was 
rather surprised to find that after Clark's process had been 
known and iu use for about forty years the proposal should now 
be made to use lime in a dry and powdered state for the purpose 
of precipitating the carbonates of the hard water, for lime 
dissolved very slowly and would be long in diffusing itself, 
whereas the solution of lime in Clark's process was very rapidly 
diffused and very quick in its reaction. Moreover, it was im- 
possible to obtain two samples of lime of the same weight or 
measure equally soluble, owing to the irregularity or incom- 
pleteness of the lime-burning. His (Mr. Porter's) lather had 
softened large quantities of water during some years, but had 
never proposed !o do with dry lime what Dr. Clark had so 
long ago demonstrated was so quickly and surely attained by 
a sclution of lime of exactly measurable strength. 

Mr. Herbert Porter said soft water was of great use in 
brewing stout : but for ales hard water was necessary. Hence 
the success of the Burton ales. The difficulty of the 
majority of brewers was to harden the water. If it had 16° or 
18 of temporary hardness, it would not take up much more 
hardening material in the form of sulphate of lime. But 
if the temporary hardness was first of all removed, and sul- 
phate of lime added, the water would then take it up to a 
much larger extent. 

Mr. Fell, replying to the discussion, said he should liave been 
glad if the brewers present would have given a little informa- 
tion upon what, to engineers, was a comparatively unknown 
line of manufacture. The important point, upon which, probably, 
only brewers could give information, was whether the hardness 
of the water necessary for the light nles was not solely a 
necessity for the keeping of the ales. The principle which he 
had endeavoured to define was that a water to be absorbent of 
the juic her the hop or the mult must be soft, hut the 

produ lot be a material which would keep, and there- 

i'ore s might be driven to the use of hard water. 

Tbf using hard watei at a dvaadvantage, but on 
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that point he required information. There was no doubt that 
the best atout which was brewed at Dublin was made from the 
soft water of the LifFey. Large quantities of the juice of the 
malt bad to be extracted to make the atout. l^e question 
might arise, if hard water was necessary for the keeping of 
ale, how was it that atout would keep, this being made from 
soft water? He could ouly answer, that the highly carbonised 
malt might so affect the brewed products that they would have 
a greater tendency to keep than the lighter ales, which could 
only be induced to keep by the addition of gypsum, or sulphate 
of lime. That was a suggestion. In fact "he must aak them 
to conaider all those portions of the paper which related to 
various trades as merely suggeBtive. On the question of 
health be did not think it necessary to enlarge, as they were 
dealing essentially with hard and soft waters as applied to 
manufacturing processes. He simply referred to instances which 
had come under his notice, particularly witli regard to the 
health of animals, plants, and fish. Mr. Latham, who had 
raised the question of the effect of bard water on fish, answered 
his own remark to his (Mr. Fell's) satisl'iiction. He admitted 
that yery probably under certain circumstances the softening 
of the water was exceedingly beneficial to the fish. He 
(Mr. Fell) could not say that he could define exactly in what 
particular degree or under what circumstances it was so. He 
was only speaking of the fact that aquarium authorities bad 
found it desirable to soften the water. He had referred to a 
large number of processes for softening water, and any ex- 
pression with regard to them must be taken as coming from 
himself alone. The reason he considered that Maignen'a pro- 
cess was a valuable and aucceasful one was the fact that it 
dealt, by means of chemical precipitation, not only with the 
(carbonate of lime, but with the sulphate of lime and the 
sulphate of magnesia. Everybody acknowledged that the 
ordinary lime processes, with which they were all acquainted, 
such as the Porter-Clark procesH, did not attempt to touch the 
sulphate of lime aud the sulphate of magnesia. No doubt 
those who wished more information on the subject of Maignen'a 
process could get it. He had not time to go into all the 
chemical proofs and reaotions, but no doubt it would be very 
easy for the inventor to show anybody by satisfactory tests, that 
the carbonate of lime and sulphate of lime and sulphate of 
magnesia were deposited by his softening powder. 

Mr. Latham asked Mr. Fell to tell the meeting what the 
powder consisted of- They could then form their own con- 
clusions. 

Mr. Fell said that he was not at liberty to slate what the 
composition was. But he did not think that any one cared very 
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much what the mixture was if it produced tte right results* 
No doubt the inventor had proved that the carbonate of lime, 
the sulphate of lime, aud the sulplate of magnesia were pre- 
cipitated, for the water became soft to a degree which conld not 
be obtained merely by the lime process. That had been shown 
by the soap test that evening. That was the especial point at 
which they, as engineers and manufacturers, should look. A 
second very important point was to see whether, in the lime 
process, there was an excess of lime present. There wtis no 
doubt that a very great excess of lime must be present in 
order to throw do*vn anything lifce a large proportion of the 
temporary hardness, without dealing with the permanent hard- 
ness at all. The essential points in Maignen's process were 
that the water resulting should be perfectly pure, and without 
an alkaline reaction, and that it should be tasteless. Those 
conditions could not be obtained by the ordinary lime process 
known as the Porter-Clark process, or the Clark process. It 
had been remarked by one speaker that the paper had not 
dealt at any great length with the Clark process. He con- 
sidered the Clark process as the practical exemplification of 
the first principles defined in his paper, viz. the taking up of 
the free carbonic acid (which had been spoken of as bicar- 
bonate by one of th* speakers) by the addition of lime, causing 
a neutral solution of carbonate of lime which must then come 
down in precipitation. There was no doubt that it was a very 
valuable and important process. 

The President said the subject was one which was in- 
teresting not only to a numerous body of manufacturers, but 
also to every individual person, whether an engineer, a brewer, 
or simply one of the general public. He regarded Clark's 
process as one of the moat simple and beautiful applications of 
scientific chemistry which had ever been adapted to manu- 
facturing purposes, Considering the numerous processes which 
had ari'^en from Mr. Clark's discovery and of which they had 
heard that evening, there appeared to be several almost distinct 
methods of arriving at the result required, namely, a softening 
of hard waters. No doubt the soap test could be relied upon 
as an absolute proof of the efficacy of the processes. The 
Maignen process seemed to some extent a mystery, but, as 
Mr. Fell hud said, his results could be easily tested. Most 
secrets came out sooner or later, and perhaps they would one 
day know what were the ingredients of the powder which was 
employed in this process. They must all feel indebted to 
Mr. Fell for the valuable paper wliich he had brought before 
them, and for the interesting experiments by which 
i ed it. 
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[ DcBrNG the Vacation of 1884 the MemberB and Associates, 

P ■following a practice which has heen observed for many years 

past, visited several engineering and other works of professional 

interest. Three visits in all were made, the flist, which took 

place on June 25th, was to the Locomotive Works of the Midland 

Railway Company at Derby. The party reached Derby by 

special train about midday, and were received by Mr. S. W. 

Johnson, the company's locomotive an peri nten dent, and Mr. 

Thomas Clayton, the superintendent of the carriage department, 

by whom the visitors were conducted over the works. The 

visitors were fii-st shown through the laboratory, where they 

examined samples of the materials used in the works. Thence 

they went through several shops of interest, passing on the road 

. a powerful weighing-machine, by which locomotives weighing 

I 46 tons, without their tenders, are so weighed that the load on 

*'each pair of wheels is measured and may be properly adjusted. 

A large number of locomotives of the different kinds were 

inspected and their peculiarities explained on the way to the 

immense erecting shops, turning and machine shops, boiler 

Ishqps, smith shops, and foundries. There are on the Midland 
Bailway 1700 locomotives, and under the control of Mr. Johnson 
are about 10,000 of the 46,000 servants of all grades of the 
company. From this number of locomotives, which is a mere 
index to the rolling-stock work, it will be realised that at the 
Derby Central Works an enormous area is covered by the shops 
necessary to keep the Midland system fully supplied with 
engines, carrioges, waggons, and so on. There are here some 
of the iinest and best equipped shops in the kingdom, the 
principal ones being 450 feet in length, and provided wifji 
every necessary for the economical production and repairs of 
etock. In the foundry the visitors saw, amongst other things, 
the moulding and casting of the chairs by which rails are 
held in place on the sleepers, and some idea of the extent of 
, the line may be gathered from the fact that from 200 to 250 
i^tons of these chairs are here made per week. In the erecting 
Lshops they saw engines in various stages of completion, and 



120 



THE VACATION VISITS. 



amongst others the large new powerful engines for working the 
heavy fast trafBc which modern conditions demand. These 
engines have cylinders 19 inches in diameter with a stroke of 
26 inches, the driving-wheels being 7 feet in diameter. The two 
cyliTidera are brought very close together and cast in one piece, 
the great advantages secured by this arrangement being due to 
the employment of the Joy valve-gear, by which the use of 
excentrics is avoided. In continuing their passage through the 
works they passed through a turnery, where in one shop alone 
450 hands are employed. From the locomotive department 
the visitors were conducted to and over the carriage and 
waggon department by the superintendent, Mr. T. E. Clayton. 
Here an area of several acres is covered by a splendid series of 
new workshops fitted with the best modem plant and with 
timber stores, and outside the shops is one of the largest stocks 
of timber to be seen in the country. Very large quantities of 
American oak are used, and in the drying stores were seen what 
would seem to be enough frame-pieces, buffer-beams, sole- 
pieces, planks, and so on, Cor waggons and carriages to stock 
the whole of the railways of the kingdom, but a little further 
progress through the carriage and waggon shops, where are 
imndreds of these in course of construction, soon dispelled this 
idea. The visitors were shown some of one lot of a hundred 
new carriages of most recent form and type, elegantly finished 
and designed with every attention to strength and comfort, and 
fitted with the Pintsch system of oil-gas lighting apparatus. 
The Midland Company has a number of trains thus fitted 
running on its metropolitan service, and not only is an 
escellent light given, but the cost per light is much less than 
with lamps, the cost for attention being exceedingly small. 
Some idea of tlie necessary area of the waggon repairing shops 
may be gathered from the fact that, added to the wa^oc 
stock already in its possession, the Midland Company recently 
purchased about 60,000 of the waggons belonging to private 
owners, but running on its lines. 

The second visit wa^ made, on August 2l8t, to the New Works 
of the South Metropolitan Gas Company at East Greenwich ; 
the Chemical Works of Messrs. Sadler, Forbes, Abbott and Co. 
and the Blackwall Point Dry Dock. It may be premised that 
what is known as the South Metropolitan Gas Company is a 
triplicate of its former self, having been amalgamated with the 
Surrey Consumers and the Phoenix Companies. But with 
their united powers the combined companies have found 
themselves unable to cope with the steadily increasing domand 
for gas on the part of the public, although working up to the 
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maximum with thoir Gxkting plant. That nioximtuu meaua 
450,000 tons of coal carbonised in the year. The average 
summer make is 20 million cubic feet of gas per day, which is 
the result of the daily carbonisation of 2000 tons of coal, the 
average winter make being, of course, much higher. Finding 
steady increase of 4 jier cent, in the annual demand upon 
__;em for gas, the South Metropolitan Clompany cast about for 
room to extend its borders, and in the end secured an Act of 
Parliament and acquired 130 acres of land, formerly market 
gardens, at East Greenwich, opposite to Blackwall, and on this 
land they are erecting the fii-st instalment of their extensive 
new works. There the visitors were received and con- 
ducted over the works by Mr. George Livesey, one of the 
directors of the Stmth Metropolitan Company, and his brother, 
Mr. F. Livesey, the engineer to the works, the designs for 
which have been prepared by both gentlemen. The retort- 
house at present being built is 942 feet long by 100 feet wide, 
including the coal-store. It will contain forty-flve settings of 
retorts, ten retorts in each setting, and liaving !)00 mouthpieces, 
and will be equal to the production of 5 million cubic feet of gas 
per day. This, however, is only a first instalment, and but one- 
twelfth of what wilt eventually rise on the ground, for there will 
be eleven more of these retortrtiouses, the whole forming one large 
building, 1200 feet long by 492 feet wide, and capable of produc- 
ing 60 million cubic feet of gas per day. The coal will be landed 
on a jetty, which is in course ot construction, and which is of T 
shape, projecting 390 feet into the river. The jetty will have 
a frontage of 450 feet when completed, and will be capable of 
berthing five vessels. The jetty will be laid with rails of about 
4 feet gauge, and the coal will be run up to the retort-houses 
by locomotives. The river wall consists of piles well tied in, 
and having concrete slabs placed behind tliem, with a backing of 
th. This waU wiU be 1400 feet in length, about 250 leet had 
m constructed at tiie time of the visit. Two gasholders, each 
iO feet diameter and 60 feet deep, are being constructed; 
ih will be double lift and will have a capacity of 5^ million 
cubic feet. Some trouble has been experienced in getting a 
good foundation for the gasholder tanks, the London clay 
proving very thin at this point. A quantity of peat, too. Las 
been met with. Less difficulty was experienced with the 
foundations of the retort-house, the walls of which up to a 
certain point are of concrete carried on a series of piers and 
rches. 01' course there will be the usual complement of 
lashers, scrubbers, purifiei-s, and other adjuncts of gasworks. 
'he gas will be conveyed through 4 miles of 48-iDch pipes. 
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which nill be laid from these works to the Sooth Metropolitan 
Workg in the Old Kent Koad. 

Although the Sonth Metropolitan Gas Company have ac- 
quired 130 acres of land, the whole of it will not be appro- 
priated to the gasworks. In fact, some portion of it is already 
occupied by the Chemical Works of Messrs. Sadler, Forbes, 
Abbott, and Co, at which establishment the Members of the 
Society were received by Messrs. Forbes and Abbott, and by 
them and by Mr. Field were conducted over the works. Here 
the tar prodneed by the Sonth Metropolitan Company at their 
various works is brought alongside by barges and is pumped 
np into steam-heated tanks, which separate the water from it 
From thence it is pumped into heating tanks on its way to the 
BtiUs, the tanks being heated by the outflowing pitch from the 
retorts, which passes thron^h the pipes. Thus a double effect 
is produced and two desirable points gained, the incoming tar 
being heated and the outgoing pitch cooled. The stills are 
Lenuard's patent, and are capable of holding 8000 gallons 
each ; they are 33 feet long by 6 feet diameter, and are made 
of wrought iron. In the ordinary stills the tar becomes baked 
on the bottom of the still over the fire, but in the Lennard's 
still a revolving agitator is used, and this keeps the charge in 
motion and prevents the formation of coke, thus eflfectmg a 
saving both in fuel and in wear and tear. The first product of 
the still is naphtha, which is given over at a temperature of 
100° Fahr. The products of distillation, as they come over, are 
run into underground tanks, with which the works are pretty 
well paved, and which consist mostly of old steam-boilers. 
From these underground tanks the products are blown ofif by 
air-pressure to any required part of the works. The naphtha is 
washed in lead-lined vessels with sulphuric acid, and is after- 
wards pumped into a still, the vapours passing off from theuce 
forming benzole. The second product given off from the tar in 
the still is creosote, which comes over at 200° Fahr. This 
product is used for preserving timber and for other purposes. A 
portion, however, is converted into carbolic acid by being 
washed with a solution of caustic alkali. The carbolate is then 
run into a tank and neutralised with sulphuric acid, the 
resultant lieing carbolic acid, which is produced at the top of 
the contents of the tank. Tlie third product of the still is 
anthracine, which comes over at 300° Fahr. and is cooled in 
open tanks, being afterwards strained through filter-presses. 
The oil passes out of the presses, leaving a solid residue, which 
is al'terwards passed through hydraulic presses and subsequently 
used for the manufacture of alizarine, I'or which purpose it is 
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paclted in barrek and sent to Measrs, Sadler's works at Middles- 
brough. The final result of the distillation is pitch, which is 
conveyed away to the pitch beds and is used for making asphalte 
and for other purposes, large quantities being sent to France. 
What was formerly a drug in the market is thus converted into 
a variety of useful substances, some destined for still further 
conversion into some of the most important items of commercial 
enterprise. The Blackwall Point Dry Dock is also isituate on 
the gas company's land, and was inspected by the visitors. A 
large vessel, the Riehmond Hill, a twin-screw steamer of 5000 
tons, was in dock undergoing repairs and alteration, and was 
examined. 

The third and last visit of the recess was made on 
September 10th to the Telegraph Cable Works of Messrs. 
Siemens Brothers at Charlton, The visitors were received by 
the heads of the various departments, and by them conducted 
in several parties over the worJts and over the cable-ship 
Faraday, which lay in the Thames, taking in the second 
portion of the second Mackay-Bennett Anglo- American Cable, 
which formed the chief work then on hand at Messrs. Siemens 
Brothers. The first portion of this cable, about 1700 miles, 
had already been laid by the Faraday from Ireland to the 
Newfoundland Bank, and she was about to start with the second 
portion, which has since been laid from Newfoundland Bank to 
Nova Scotia, about 700 miles more. Before going over the 
cable departments, the visitors inspected those devoted to the 
production of electric-lighting apparatus. These included the 
electric-light shop, -the electric-light engineers' shop, the 
insulator department, and the carbon department, besides 
which the visitors were shown the plant for lighting the works 
by electricity. In the electric-light section of the works the 
visitors saw Siemens' dynamo-machines of various powers being 
made, notably one equal to driving 1500 Sivan glow-lamps of 
20-candle power each, being the largest of its kind ever made. 
A search-light of 25,000-candl6 power was shown, as well as a 
variety of other lamps and electrical arrangeuients. An in- 
teresting experiment was carried out, in which a piece of iron 
wire 18 feet long and 5 millimetres in diameter was burnt to 
fragments in 1 minute 30 seconds by a Siemens dynamo of 100 
volts and 250 amperes. In the electric carbon shop, where 
the carbons for electric arc-lamps are made, the materials are 
first ground and prepared, and theti expressed through a die in 
a hydraulic press, the diameters of the carbon rods varying 
according to requirement. The rods are then dried and baked 
ready for use. 
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The principsil materials nsed in tl»e inaniifactareof telegraplt' 
cables are wire, iii<iianibber, gntterpercha, and hemp. In some 
cases the wire condnctorB are covered wilh indiarubber, and in 
others with gnttapercha, the cores thna being formed. The 
indiarubber i>i obtained in its raw state chiefly &om Para, and 
the first process of manniactnre is to rid it of its impnritieB. 
To tluB end it is cut into pieces and pa^ed many times through 
rolls placed in pairs and running nt differential speeds, so that 
a grinding aa well as a squeezing actiou is obtained. A. stream 
of water is continually running on the rubber, which carries 
away the impurities; and when the water runs clear it is an 
evidence that the cleansing process is so far complete. After 
this purificatioD, the rubber is dried at a moderate temperatnr^ 
and afterwards rolled into sheets of three classes. One consists 
of pure rubber sheets, while in the other two snlphur and other 
necessary ingredients are incorporated with the rubber. Tha 
sheets are then cat into strips or tapes ready for nse in the 
covering machines. In the wire-covering department the 
visitors saw the conductors being encased in strips of these 
rubbers of one kind or the other, according to requirement, by 
being passed through machines in which the wire is, so to 
speak, sandwiched in between an upper and a lower strip, the 
edges being carefdlly trimmed o£E In one machine wire was 
being coated with the pure rubber, while in another a conductor 
was being inclosed Erst in a white and then in a pink-coloured 
rubber-casing. The coverings are afterwards solidified and made 
homogeneous by heat. Another department of those works is 
devoted to the covering of the wire conductors with gutta- 
percha, which, like the rubber, has to be first purified and 
prepared. The raw material in this case is obtained chiefly 
frofn Singapore, and is first cut up into slices by machinery. 
It is then soaked and softened in tanks of hot water, after 
which it is taken to a machine called a "ticker," or "devil, 
where it is shredded and discharged into hot water. It then 
undergoes complete mastication in special machines, whence 
it is transferred to hydraulic presses, where it is forced 
through strainers of fine wire gauze, which arrest all remaining 
mechanical impurities. It is again washed and masticated 
in boiling water. Various kinds of guttapercha are afterwards 
blended, and finally rolled into sheets and stored. The wires 
are covered with guttapercha by being drawn through machines 
having specially constructed dies, in which the guttapercha is 
contained under pressure and kept plastic by heat. As the 
covered wires leave the dies they pass through troughs of cold 
water, and are led on to a second, and, if necessary, to a thirJCJ 
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machine, according to the number of coats required. The 
insulated wire or core is conducted to the sheathing department, 
where it is first covered with hemp and afterwards with iron 
wire by machinery. It is then passed throngh other machines, 
in which it is covered with two more layera of tarred hemp 
wound on in opposite directions. The cable is now completed, 
and as it is made it is stored in tanks, of which there are eight 
in the large tank-honse, each tank being capable of holding 
400 miles of cable. In a second tank-house there are eight 
more tanks of smaller capacity. 

From the tanks the cable is paid out to the ship which is 
to lay it under the Atlantic Ocean, or other sea, and from the 
tanks, therefore, the visitors followed the Mackay- Bennett cable 
to its storage on board the cable ship Faraday, This vessel is a 
twin-screw ship of about 6000 tons burden, and she C€in carry 
about 4000 tons of cable exclusive of coal and stores. She is 
365 feet in length and 52 feet beam, and has a pair of compound 
engines of 1800 horsepower indicated, combined. She has 
three cable tanks, the main and aft tanks being 45 feet 
diameter and 30 feet deep, and each capable of holding 800 
miles of cable. The fore tank is of smaller dimensions. There 
are three ballast tanks under the cable tanks, each of which 
will hold 3U0 tons of water. At the st«rn of the vessel is the 
paying-out apparatus, and at the head the picldng-up machinery. 
She is fitted with steel-wire sounding apparatus, capable of 
taking soundings up to 3000 fathoms, wliich ia about the 
maximum depth of the Atlantic. She has a well-appointed 
testing-room, where the visitors saw the cable being tested as it 
was being received on board. Testing forms a very important 
feature in the manufacture of deep-sea cables, and it is carried 
on throughout every stage from first to last, so that it is 
practically impossible for a fault or flaw to occur without 
detection. The electrical testing-room on the works was, 
therefore, inspected with interest, as was also the pressure tank, 
which is a very ingenious contrivance for testing a cable core 
under the same conditions, as regards pressure, as those under 
which it exists at the bottom of the Atlantic in its deepest part. 
The apparatus consists of a small circular steel tank only about 30 
inches internal diameter, and some 5 feet deep, but weighing about 
24 tons, the cover alone weighing 3 tons. Into this tank a length 
of about 2 miles of core, wound on a reel or drum, is lowered, 
and the tank closed and locked by the screwed cover, the ends 
of the core being connected with the testing-room. Hydraulic 
pressure is then applied up to 4 tons per square inch — 6 tons 
per inch can be applied if necessary — the core remaining under 
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this pressure for about ten minutes, during which the electrical % 
testing is carried on. The pressure is then taken off, the tested 
core lifted out, and another length put in and tiie operation 
repeated. This is another safeguard which the firm have 
against flaws which could not be ordinarily detected. In fact, 
everything that human foresight can do to ensure a perfect 
conductor and cable is done at the Charlton Works. 

Besides the departments already referred to, the visitors 
were shown over tne wire-testing department, the telegraphic 
instrument department, and the show room, where all the 
various telegraphic instruments and apparatus nere assembled, 
many of them being seen in operation. The machinery 
in what is known as the old cable shop at the Charlton 
Works is driven by a pair of compound horizontal surface- 
condensing engines of iSO horsepower indicated ; that in the J 
new cable shop being driven by a beam-engine of 80 indicated I 
horsepower. The cable works give employment to about 200O'a 
men, another 1000 being employed in other directions. 
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CHARLES GANDON, Vice-President, in the Chair. 

MODERN BRONZE ALLOYS FOR ENGI- 
NEERING PURPOSES. 

By Perei F. NtiKsEY, Vice-President. 

In order to mark tbe progressive steps of man, liis early history 
has been divided into three perioda, each being named after 
the materiEils chiefly used in them for supplying him with 
weapons, tools, and ornaments. Thus we have the age of atone, 
the age of bronze, and tlie age of iron. To these our own 
times have added the age of eteel, which, of course, simply 
means a further, but most important, development of the age 
of iron. It occurs to the author that in like manner a similar 
development is going on in the present day with respect to 
bronze. But inasmuch as no generic term has been invented 
in these very inventive times for the new variations of that 
most ancient and useful alloy, he is unable to designate this 
fifth age by a new title, and so is content to consider it as a 
revival of the bronze age in a more advanced and more highly 
developed form. As, however, tbe age of stone was divided 
into two parts, namely, the old atone age, when men simply 
chipped stones, and the newer stone age, when they learned 
to grind and polish tliem, so perhaps it may be admissible to 
consider the present as the newer bronze age, Sot is it 
altogether inapt so to consider it when we see what a many 
varieties of bronze have been produced within the last few 
years, possessing very distinctive features from the ancient 
alloys, and some very remarkable qualities as compared with 
them, and how very numerous the purposes are to whicli these 
varieties are applied, superseding, as they do in many in- 
stances, iron, and even steel itself. These considerations, and 
the knowledge of the great value of these alloys to the engi- 
neer and the shipbuilder, have led the author to bring a few 
facts concerning tiiem before the Society in the hope that they 
may prove interesting and possibly uselul to the Members. 
AlUiough, for the purpose of drawing a faneifol parallel 
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between tlie past and tie present, tlie author has taken bis Let., 
back to ibe childhood of the world, when men first mixed a 
melted copper and tin together, aod fashioned in a rude way 
from the resulting alloy their spear-heade, their hatchets, their 
earrings, and their bracelete, be does not intend to fill up 
the gap of the intervening centuries by following up the 
gradations by which this alloy was made at length to subserve 
the highest purposes of art, which, as regards statuary, pro- 
bably reached a climax during the reign of Alexander the 
Great. He purposes only to touch upon a few points of 
metallurgical interest relating to the bronze of the past, and 
then by a rapid transition to come down to the present, and to 
enter upon a consideration of the various alloys of the bronze 
family which the ingenuity of our own day — stimulated, 
doubtless, by the necessities of the age we live in — hoe suc- 
ceeded in rendering available for engineering purposes during 
the last few years- 
Turning then, briefly, to the bronzes of the ancients, we 
find them varying considerably in the proportions of their two 
ingredients — ibr, in the main, copper and tin only were used 
— according to the purposes for which they were intended. 
Thus, modern chemical analysis shows that ancient bronze 
nails contained 20 of copper to 1 of tin ; soft bronze consisted 
of 9 to ], medium bronze 8 to I, hard bronze 7 to 1, and mirrors 
about 2 to 1. The bronze weapons and tools of the ancients 
contained from 8 to 15 per cent, of tin. A Eonian sword-blade 
found in the Thames showed 85'70 copper and 10-02 tin, 
whilst another one found in Ireland gave an analysis — copper 
91-39 and tin 8-38. The bronze weapons of the Crreeks and 
Eomans have been found not only to be of the true composition 
for ensuring the greatest density in the alloy itself, but the 
cutting edges, by undergoing a process of hammering, were 
brought up to the highest degree of hardness and tenacity. 
And here the author would digress for one moment to observe 
that this is exactly the way in which he has seen the edges put 
on scythe-blades and other cutting tools in Sty ria, [where he 
has seen some of the finest steel made in the simplest and 
rudest manner. Keturning to the subject of the paper, it is to 
be observed that most of the ancient coins were of bronze, a 
small percentage of zinc being added in some cases to improve 
the colour. According to analyses made by Mr. J. A. Philh'p^ 
the quantity of tin relatively to copper varied very slightly, 
even over a range of SOU years. The following are the 
proportions of copper and tin, the other ingredients being 
omitted : — 
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Alexander tbe Great 

Pliilippna T. 

.Athena 

Ptolemy IX 

Pompey 

Tlie Atilia family .. . 
Augustus and Agrippa . 



11-10 

9-ys 

15-59 
8-56 
4-77 



Bronze pure ttnd simple conaiats of a mixture of copper 'and 
tin in certain proportions. These proportions, as we have seen, 
are varied according to the purpose for whieh the compound ia 
intended. Other metals, moreover, such as zinc, lead, phoa- 
phorus, manganese, silicinm, and iron, may be and have been 
added without unclasaifying the product, which is still called 
bronze, provided that copper and tin are the chief constituents. 
The bronzes of France are known to contain nearly always four 
metals — -namely, copper, tin, lead, and zinc. It is also stated 
that some contain minute and variable quantities of nickel, 
arsenic, antimony, and sulphur. It. is the addition to bronze 
pure and simple of certain proportions of one or other of the 
metallic substances previously referred to that constitutes the 
modern development of bronze mannfacture, and which has 
given ns some of the most useful and at the same time some of 
the most remarkable alloys known. These comprise no fewer 
than eleven distinct products, all of which find their uses in 
connection with the practice of engiueering. These are — 
phosphor bronze; silicium bronze; manganese bronze; delta 
metal ; phosphor copper ; phosphor-manganese bronze ; phos- 
phor-lead bronze ; phosphor tin ; aluminium bronze ; silveroid, 
and cobalt bronze. These alloys form the subject for present 
consideration, and they will be dealt with by the author in the 
foregoing order. There are other bronzes which are used as 
substitutes for gold in cheap imitation jewelry ; but although 
they are in the main only variations of some of the bronzes 
with which the author has to deal, their applications are such 
that their notice does nut fall within the scope of the present 
paper. 

Attention was directed some years since to the use of phoa- 
phorua in improving the character of bronze for various 
purposes, and eventually with very successful results. The 
action of phosphorus on copper alloys ia principally due to 
its reducing qualities, by virtue of which the oxygen absorbed 
by the molten metal id removed, or rather the oxides thereby 
produced are eliminated, and there is imparted to the metal 
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that degree of homogeneity, strength, and toughness whioh is 
peculiar to the chemically pure metal. The phospbonis in 
prodaciDg these effects is converted into cuprous oxide, which 
floats on the surface of the molten metal in the shape of a very 
fluid b1^, whilst the superfluous quantity combines with the 
metal. This being the case, it is not desirable to add to the 
bronze a latter quantity of phosphorus than will suffice to 
reduce the oxide present. It is thought by some that the 
phosphorus itself imparts to the bronze the qualities of hard- 
ness and strength, and that therefore th& more phosphorus 
put into the metal the better the result as regards hardness. 
This, however, is not the case, inasmuch as hardness would be 
obtaioed at the expense of toughness. The question of pro- 
ducing the various qualities of this class of metal depends not 
BO much upon the quantity of phosphorus as upon the correct 
proportioning of the various ingredients, phosphorus included. 
Some of the alloys to which the author will direct attention are 
formed by the addition of a small proportion of a compound of 
phosphorus and copper or other metal to the bulk of the 
copper to be treated. Inasmuch, however, as great care is 
required in determining the exact proportions of the ingre- 
dients in making phosphor-bronze alloys, it appears to the autiior 
that it would be mucn safer and probably much more econo- 
mical for manufacturing engineers to obtain the alloys ready 
prepared for the special purpose for which they require them, 
and which would, other things being equal, obviate all chance 
of failure by reason of a careless workman adding too little or 
too much of the phosphorised metal to the bulk. 

Phosphor Bronze. 

The first of the modem bronzes for notice in the order of time 
is phosphor bronze, which was invented by Dr. Kiinzel, of Blase- 
witz, Dresden, and was brought into practical use in this country 
early in 1S73 by the Phosphor Bronze Company, who have 
from time to time patented several improvements both as 
regards alloys and methods of manufacture. Phosphor-bronze 
alfoys are composed of copper, tin, phosphorus, and other 
ingredients in definite proportions, and are made to be either 
as ductile as copper, as tough as iron, or as hiud as steel, 
accordingly as the proportions of the constituents are varied. 
The alloys used for rolling and drawing have very different 
proportions to those employed for castings, for bearings, and 
parts of mach'""" The castings of the metal, owing to its 
great fluidi' melted, are perfectly sound and homo- 

strength, toughness, and durability are 
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desiderata, phosphor bronze is found to be far better adapted 
than gun-metal and brass, and i» many cases than iron and 
steel. With regard to the applications of phosphor bronze, it 
may truly be said that their name is legion. This remark 
applies in the main to most of the modern bronze alloys pre- 
sently to be described, so that, in order to save repetition, 
the author will here observe that chief amongst their many 
applications are the manufacture of wire, rods, tubes, sheets, 
ornamental castings, screw-propellers, pinions, cylinders, valves, 
bearings, bushes, and other parts of machinery exposed to 
friction, Phosphor bronze poBsesses ' the advantage of not 
becoming crystalline under the action of repeated shocks and 
bends, and is therefore well adapted for making wire rope, and 
as it is not acted on by corrosive liquids, as found in mines, or 
by the atmosphere, its value as a metal remains constant. It 
is being used in the shape of sheets for the hulls of torpedo- 
boats and steam-launches with satisfactory results. In order to 
ascertain ^ta resistance to the chemical action of dilute sul- 
phuric acid, two similar sheets of copper and of phosphor 
bronze were immersed in acid water, 10 iJeaurae strength, and 
at the temperature of the surrounding atmosphere ; after three 
months it was found that the copper had lost 4 ■ 15 per cent. 
and the phosphor bronze only 2'3 per cent. Phosphor-bronze 
sheet, moreover, stands the action of sea-water much better 
than copper. In a comparative experiment made at Blacken- 
berghe, lasting over a period of six months, between the beat 
English copper and phosphor bronze, the following results were 
arrived at. The loss in weight due to the oxidising action of 
sea-water avenged for the copper 3 -OSS per cent., while that 
of phosphor bronze was but 1 ■ 158 per cent. 

In making castings from phosphor-bronze alloys, a new or 
clean plumbago crucible is used, so as to avoid any admixture 
of other metals, and some charcoal or coke is kept on the metal 
during the melting to prevent oxidation. For large castings 
the moulds are thoroughly dried and dressed with a mixture of 
blacklead and water. Small work is cast green. In order to 
avoid segregation, it is necessary to pour phosphor-bronze 
alloys only just before the setting takes place. This is aecom- 
plished by cooling the molten metal by putting in ingots 
or runners, and when the metal no longer melts these, but 
adheres to them, it is a sign that the pouring should take place. 
Previously to pouring, the molten mass is well stirred by means 
of an iron rod covered with a paste of either fireclay or 
plumbago. Besides the original phosphor bronze with which 
the author has dealt so far, the Phosphor Bronze Company a 
year or two ago brought out two other varieties. These were 
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the ontcome of an endeavour on the part of the company to 
meet aa far as practicable the various requirements of engineers 
and millwright*, particularly in connection with parts of machi- 
nery exposed to combined friction and pressure. By slightly 
changing the proportions of the component parts of some of the 
ordinary mixtures, new alloys having very valuable and distinct 
charaeteristies have been produced, and which have been 
practically tried and proved. These new alloys are known as 
phosphor bronze duro A, and phosphor bronze duro B. Duro 
A is a very dense metal, adapted for all bearings carrying 
heavy wheels running at great velocities, and generally for all 
quick-speed purposes. Duro B is intended for the bearings of 
hot-necsed rolls, and for all bearings having to withstand great 
pressure, such aa plate- and sheet-roll bearings and for general 
engine purposes. 

Having referred to the great durability of phosphor bronze 
under conditions of work, the author will here notice one 
instance out of several which have been brought under hia 
notice from time to time. About two years since he inspected 
a pair of slide-valves, which had been then recently taken out 
of one of the North Eastern Railway Company's express engines 
after 6i years' working, during which the engine had run 
261,182 miles between Newcastle and Edinburgh. They were 
taken out to replace the cylinders with a pair of a different type. 

The engine was of the Ibllowing dimension : — CylinderB, 
17 inches diameter by 24 inches stroke ; four coupled wheels, 
7 feet diameter ; working pressure, 140 lb. per square inch ; 
weight of engine in working trim, 39 tons 16 c^vt. ; weight of 
tender, 26 tons 4 ewt. 

Mr. Fletcher, the assistant locomotive superintendent of the 
North Eastern Railway, states that the slides, in the 6^ years, 
had only worn down to the thickness at which they generally 
took out gun-metal slides, and that, had it not been that they 
were putting in a pair of cylinders of different type, he would 
certainly have let them run longer, as he considered them 
quite safe, taking into consideration the great Buperiority of 
phosphor bronze over gun-metal. The original thickness of 
these slides was 1 inch, and they were worn dowB to f-inch 
thick. Gun-metal slides rarely exceed eight months' work 
when they are worn out. The cylinder faces were in excellent 
condition, the wearing being, as it should be, on the valves. 

Tables I, and 11. give the results of some comparative 
experiments mp^- '"' Mr. David Kirkaldy with phosphor 
bronze and va ;r alloys and metals, whilst Table III. 

gives the res' ts made with axle-heariuga of various 

metals. 
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SlLICICM BbONZE. 

We come in the next place to silicium bronze, which in Bome 
respects may be eODHidered as an outcome of phosphor bronze, 
although ita invention ia not due to Dr. Kiinzel, who died some 
years ago. The inventor is M.Lazare "Weillerjof Angouleme, who 
exhibited phosphor-bronze telegraphic and telephonic conductors 
at the Paris Electrical Exhibition of 1881, where the author 
first saw them, and where they were novelties. M. M'eiller 
carried out an exhaustive series of experiments with this wire, 
the results of which went to show that it possessed a conductivity 
one-third that of copper, but two and a half times that of iron 
and steel. Phosphor-bronze wires, therefore, proved very 
useful for telephonic communication, but not for telegraphic 
purposes, where higher conductivity is requited. M. Weiller, 
therefore, set himself the task of discovering a materittl 
analogous to phosphor bronze, and his labours were at lengtJl 
crowned with success by the discovery of silicium bronze. Ia 
this alloy the phosphorus is replaced by a silicious metalloid 
which produces a better conductor than does phosphoruB. 
M. Weiller thus obtains a wire presenting the same resistanoa 
to rupture as phosphor-bronze wire, but with a much highe: 
degree of conductivity, rendering it applicable for telegrapl 
lines, and bringing the valuable qualities of lightness and non 
oxidisability within easy and economical reach. In a pape 
upon electrical conductors, read by Mr. W. H. Preece, F.R.S., 
before the Institution of Civil Engineers, in December 1888, 
that gentleman observed in reference to phosphor- and silicium- 
bronze wires that in their manufacture phosphorus and silicium 
had the property of removing impurities, particularly the 
oxides, though doubtless some of the flux remained. Phosphorus 
had a most injurious influence on the electrical resistance of 
the alloy. Silicium was far superior; hence the silicium bronze 
was preferable for telegraphic purposes. Its efficiency was 
very great ; in fact, phosphor bronze had disappeared for 
telegraph wire, and had oeen replaced by silicium bronze. It is 
important to note that the properties of this alloy are such that^ 
although the wires are only one-tenth as heavy as the ordinary 
wires, they are of equal strength. Moreover, it is affirmed thaV 
if broken, they will not i'all to the ground as the ordinary wirea 
do, but by reason of their high elasticity they will spring back 
and coil up close to the standards. The author should mention^ 

*t M. Weiller had associated himself with the Phosphor 
nze Company, who are manufacturing silicium-bronze wiraj 
\, the author is informed, has come largely into use f( 
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^H for the cumbrous iron wire. Table IV. shows tlie relative 
^H strength, reslBtance, aud conductivity of various wires. 

^H TABLE IV. 


^H DoscrlptlOTiotWLre. 


Tensile Slrpnpb 


Er„^fj 


CaaduEllvit;. 




17-78 
28 ■.^7 
4S-2S 
45 '71 
22 'SG 
25-40 
2(i-67 


33-1 
3i-5 

103-0 
124'0 
216.0 
249-0 
2Gti-0 


100 
9S 
34 
26 
16 
13 
12 


^H BlliDinm bronze (telegnipli) 
^m (telephone) 

Bvedixh ^vanised iron .. .. 
GilvanUed Bfasemer aleel 






1 

^P Manoanbse Bronze. 

The author now cornea to that class of bronzes into the 

composition of which iron in one form or other enters, and of 

which tliere are two principal varieties, namely, manganese 

^B bronze and delta metal. It is stated that some of the ancient 

^^B bronzes have been found on analysis to contain a small per- 

^Hoentage of iron, but it does not appear that any traces of 

^B manganese have ever been discovered. It is thought probable 

that the ancients knew that the addition of iron to bronze 

would increase its hardness, and introduced it for that purpose. 

brass alloys, and some have also introduced manganese by- 
reducing the black oxide of manganese and combining it with 
the copper. Until a comparatively recent date, however, none 
of these alloys appear to have been brought into permanent 
practical use. More than a hundred years since, James Kier 
proposed an alloy of 10 parts of iron with 100 parts of copper 
and 75 ports oi zinc, and in later times Sir John Anderson, 
when superintendent of the Eoyal Gun Factories, carried out a 
number of experiments with similar alloys, and with some very 
good results, out none of them appear to have been brought 
into practical use. The addition of iron unquestionably 
increases the strength and hardness of these alloys, but accord- 
ing to some experiments made by Mr. P. M. Parsons, they 
would appear to acquire these qualities at the expense of 
ductility and toughness, and it is probably on this account that 
this class of alloys had not come into general use up to the 
time of Mr. Parsons' experiments. Mr, Alexander Parkes and 
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the late Mr. J. D. Monies Stirling, both eminent metallargists, 
appear to have been the first to propose and to carry into 
practice the use of manganese. Mr. Farkes combined man- 
ganese alone with copper, and used this alloy to form improved 
alloys of brass and yellow metal, of wliich to make sheathing, 
rods, wire, nails, and tubes. 

Mr. Stirling in 1848 proposed to use manganese in TarioQS 
brass alloys in which iron was present. At first he combined 
about 7 per cent, of iron with the zinc, and added to the cop^r 
a small percentage of manganese, by reducing the black oxide 
of manganese with the copper in the presence of carbonaceous 
materials, and then added to it the requisite quantity of the 
iron and zinc alloy to make the improved brass required, Mr. 
Stirling's idea was to combine the iron with the zinc by fusion, 
but in practice he found a more ready means of procuring the 
zinc and iron alloy, by employing the deposit found at the 
bottom of the tanks containing the melted zinc for galvanis- 
ing iron articles. This product consists of zinc with from 4 to 6 
per cent, of iron, but this percentage is very variable, and the 
results of its use, therefore, in some cases unreliable. The 
author is informed that metal made by this process was in use 
for some time for carriage bearings on the London and North 
Western and other railways, with verygood results; but it 
has long since been superseded, and does not appear to have 
ever been introduced for any purposes where the requirements 
were great strength, hardness, and ductility. 

The time, however, anived, namely in 1876, when these 
requirements were met by the aid of manganese, in the man- 

fanese bronze of Mr. P, M. Parsons. This alloy is prepared 
y mixing a small proportion of ferro-manganese with copper, 
and which is afterwards made into alloys similar to gun-metal, 
bronze, brass, or any other alloy of which copper forms the 
base. The ferro-manganese is melted in a separate crucible, 
and is added to the copper when in a melted state. The effect 
of this combination is similar to that produced by the addition 
of ferro-manganese to the decarburised iron in a Eessemer 
converter. The manganese in a metallic state, having a great 
affinity for oxygen, cleanses the copper of any oxides it may 
contain by combining with them and rising to the surface in 
the form of slag, which renders the metal dense and homo- 
geneous, as already explained by the author in respect of 
phosphorus. According to Mr. Parsons, a portion of the 
manganese is utilised in this manner, and the remainder, with 
the iron, becomes permanently combined with the copper, and 
jJays an important part in improving and modifying the quality 
of the bronze and brass alloys afterwards prepared from the 
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copper thus treated. The effect ia greatly to increase their 
strength, hardness, and tonghneas, the degrees of all of which 
can be modified, according to the quantity of the ferro-man- 
ganese, used and the proportions of the iron and manganese 
it contains. 

It will thus be seen that Mr. Parsons' method of making 
manganese bronze ia altogether different, both in principle 
and effect, from the inventions of either Parkes or Stirling. 
Stirling's method of combining the iron with the zinc, in 
order to introduce it into the aJioya, precludes its use in any 
bnt those alloys in which a considerable portion of zinc is 
employed, such as brass or yellow metal. It could not be 
applied to any of those important alloys, of the nature of 
gun-metal or bronze, in which copper and tin are the chief 
ingredients. An equally important difference in the mann- 
facture of manganese bronze consists in adding the manganese 
in ita met-aliic state, in the form of ferro-manganese, to the 
copper, by which the copper is cleansed from oxides, which it 
cannot be when the manganese is reduced from the black 
oxide and combined with the copper by one and the same 
operation, as was done by Parkes and Stirling. Another point 
of importance is the great nicety with which both the iron and 
manganese can be adjusted, and their effect controlled, by 
adding the ferro-manganese to the copper, as pursued in the 
manufacture of manganese bronze. The amount of manganese 
required for deoxidising the copper, and for permanent com- 
bination with it, being well known by experience, it is found 
that very slight variations in quantity have a perceptible and 
ascertained effect in modifying the qualities of the alloys 
produced. The toughness can be increased, and the hardness 
diminished, or vice versa, at will, precisely as is done in the 
manufacture of steel, by increasing or diminishing the per- 
centage of carbon and manganese. In preparing the feno- 
mauganese for use, Mr. Parsons prefers tnat which is rich ia 
manganese, containing from 50 to 60 per cent. This is melted 
with a certain proportion of the best wrought-iron scrap, so 
as to bring down the manganese to the various proportions 
required. At the same time any silicon it contains is reduced 
and the metal refined. About four qualities of ferro-manganese 
are made in practice, containing from about 10 to 40 per cent, 
of metallic manganese. The lower qualities are used for those 
copper alloys in which the zinc exceeds the tin, and the higher 
qu^ities for those in which tin is ased alone, or exceeds the 
zinc used in combbation ; and the amount of ferro-manganese 
added varies generally from about 2 to 4 per cent. After a 
number of careful experiments and crucial tests, the Manganese 
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Bronze and Brass Company, who are the sole manaractnrers of 

manganese bronze, adopted the xnannfacture of five different 
qualities of this alloy, althougli other varieties can be produced 
for special purposes. In No. 1 quality the zinc alloyed witli 
the copper is ronsiderably in excess of the tin. It is cast into 
ing^jta in metal moulds, and then forged, rolled, or worked hot, 
and made info rods, plates, sheets, sheathing, and it may also 
be worked cold, and drawn into tubes and wire. When simply 
cast, it is stated to possess a tensile strength of about 24 tons 
per square inch, witli an elastic limit of from 14 to 15 tons. 
When rolled into rods or plates, it has a tensile strength of 
from 28 to 32 tons, with a limit of 15 to 23 tons per square 
inch, and it stretches from 20 to 45 per cent, of its length 
before breaking. When rolled cold, the elastic limit rises to 
over 30 tons, and the breaking strength to about 40 tons, and 
it still elongates about 12 per cent, before breaking. 

Manganese bronze No. 2 is similar to No. 1, but stronger, 
and it can be cast in sand for special purposes where strength, 
hardness, and toughness are required. But it must be melted 
in crucibles, as passing it through the reverberatory furnace 
injures the metal and causes unsound castings. It is not, 
therefore, adapted for general brassfounders' purposes. One 
of the most important applications of this quality is that of 
producing articles cast in metal moulds under pressure. 
Blocks of this metal thus simply cast are said to have all 
the characteristics of forged steel as regards strength, tough- 
ness, and hardness, without any of its defects. It is perfectly 
homogeneous, and while not possessing a fibrous texture derived 
from rolling or hammering, it is still fibrous in character, and this 
in not one but in all directions alike, and, when broken, shows 
a beautiful silky fracture. Its tensile strength is from 32 tons 
to 35 tons per sauare inch, and its elastic limit from 16 to 
22 tons, with an ultimate elongation of from 12 to 22 per cent. 

Another feature of No. 2 quality is that it can be cast on to 
any object, and will shrink on to it with a force equal to its , 
elastic limit, and, when released, will show an amount of 
resilience of about double that of steel. As an instance of 
this, the author is informed that a hoop of this manganese 
bronze, shrunk on to a solid cylinder of iron, stretched, when i 
hot, 0'03 of its diameter in the process of contraction, and, 
when cold and released, sprang back about 0-003 of its 
diameter. As regards hardness, it is about equal to mild steeL 
In order to ascertain its efficiency in this respect, and to | 
compare it with gun-metal, wrought iron, and steel, a knife- 
edged angular die was forced into the flat surface of a pie 
each of these metals and of the Ho. 2 manganese bronze ci 
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under preBBure. In order to produce an indentation of equal 
depth in each of these specimenB, tlie following pressures are 
required : — 

Gim-motal 12 owt. 

Wrought iron 16 „ 

MQdflteEl 20 „ 

„ „ oil-harileneJ ^S t> 

Mangauese broDze aa oaet 20 „ 

„ „ hftrdeneJ by preseare ..22-23 „ 

These results point to this material as the most suitable 
for the construction of hydraulic and other cylinders required 
to stand great strains, and possibly for ordnance. No. 3 
quality is composed principally of copper and tin in about 
tlie same proportions as gun-metal, combined with a large 
percentage of ferro-manganese. Its chief characteristics are 
great transverse strength, toughness, and hardness, the facility 
with which it can be cast, and the soundness and uniformity of 
the castings produced. It will stand melting in an ordinary 
reverberatory furnace without injury to the metal, which is a 
point of importance in producing large castings. The author 
IS informed that a bar of this metal cast in sand in the 
ordinary way, 1 inch square, placed on supports 12 inches 
apart, requires upwards of 4200 lb. to break it, and befora 
breaking it will bend to a right angle, and it will sustain from 
1700 to 1800 lb. before taking a permanent set. This quality 
of manganese bronze is used for wheel gearing, supports and 
connections of machines, crank-pin brasses, the shells of main 
and other bearings of marine and other engines, axle-boxes, 
and other parts of locomotive engines. Jt is also adapted 
for atfttuary and art purposes generally, as well as for laro-e 
bells. 

The most important application of this quality of n 

bronze from a commercial point of view would app 

that of screw-propellers. Owing to the great strength of this 

quality of the metal, and its non-liability to corrosion, propeller 

blades can be made thinner than even those of steel. Their 

^surfaces are very smooth, and, when cast, they are said to 

theoretically true to tbrm, whereas with steel propellers 

allowance has to be made against the corrosion which takes 

^lace and their deficiency in toughness, by increasing their 

thickness, and their form is liable to become distorted in the 

l[,aiinealing-oven they have to pass through after being cast, 

7 The author is informed that it has been proved conclusively 

Iby the logs of steamships which have had tlieir steel propellers 

ITOplaced by manganese-bronze blades that their speed has 

f been increased, and the consumption of coal diminished, whilst 
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the vibration and strain on the ship and machinety have beeat 
iwiueed. The commercial bearing of the queetion allnded to 
by the author is that these advantages are secured at a cod- 
Bitlerably less ultimate cost than by the use of steel, taking it 
upon the average life of a Tcsael ; for although the first cost of 
a propeller with manganese -bronze blades is double that of 
Bteel, it is said to be practically indestructible, whereas at the 
end of about three years steel blades become so corroded that 
they have to be renewed, which brings up the total cost of the 
steel blades on an average to two or three times those of man- 
ganese bronze. That these propellers are incorrodible, and in 
every other respect efficient, is said to be proved by experience, 
as some have been at work for nearly four years and are as 
perfect as when first applied. 

The soundness and tenacity of the No. 3 quality of manganese 
bronze tbus applied was demonstrated by an accident which 
occurred to the propeller of the Garth Castle, on its lanuch 
from the yard of Messrs. John Elder and Co., in 1880. One 
of tlie blades came in contact with the jetty, and was bent 
Miind without a crat'lc to nearly a right angle, and was after- 
wards hammered back cold to its original form without detri- 
ment Another example is afforded by the propeller of the 
North German Lloyds steamship Moael, which was wrecked. 
One of the propeller blades, after it was recovered from the 
wreck, was found to he completely doubled over, thus affording 
lui idea of the tenacity of the metal. 

With regard to Nos, 4 and 5 qualities of manganese bronze, 
the author has only to observe that they have no particular 
claim to strength, but are effectively used for bearings, slide- 
valves, slide-blocks, piston-rmga, and, in fact, wherever friction 
occurs. 

Table V. shows the results of some tensile testa applied to 
eleven specimens of manganese bronze. The tests in the first 
series were made at the Boyal Gtm Factories, and at University 
College, London, respectively. Those in the second series were 
made at the Boyal Gun Factories, whilst those in the third 
•eries were made by the Manganese Bronze Company. The 
specimens tested at the Boyal Gun Factory were 2 inches in 
length, whilst those tested at University College, and by 
the company, were 8 inches in length. It is to be observed 
with relerence to the last two samples that No. 10 was cut from 
the aide of the ingot, whilst No. 11 was taken from the centre. 
Tho iiifot shows a higher quality on its exterior, which indi- 
(lat itability for gnns, where the interior would be bored 

ai Manganese Bronze Company are, in fact, now 

ri castings for artillery. 
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Table VI, gives the results of the tests of four 8-ineli samples I 
of mangaDese bronze by torsion at University College. With I 
reBpect to these, it ia to be observed that sample No. 3 was [ 
removed from the machine unbroken, whilst No. 4 was broken J 
and showed a clean shear. 

Table VII. shows the results of the tests of a bar of man- 
ganese bronze No. 3 by transverse strain. The bar was 1 inch 
square, cast in sand, and placed on supports with 12-iach bear- 
ings, a steady pressure being applied on the bar at the centre. 

Table VIII. sliows the results of some experiments on the 
transverse strength and toughness of bars of manganese bronze, 
as compared with wrought iron and gun-metal. In these testa 
a weight of 50 lb. was dropped from a height of 5 feet on to the 
middfe of the bar carried on supports with 12-inch bearings. 
The bars were each 1 inch square and 14^ inches long. The 
specimens of gun-metal Nos. 1, 2 and 3 were sent from the 
locomotive works of one of our leading railways, and were 
tested in the presence of an officer of the department, and 
the author believes they fairly represent the qualities of gun- 
metal ordinarily found in such works and supplied by brass- 
founders. Nos. 4 and 5 were cast specially, and were composed 
of 16 parts of best selected copper and 2 parts of English tin. 
No. 6 was composed of 16 parts of copper and 2^ parts of tin by 



Delta Metal. 

The second and latest example of the successful addition of I 
iron to bronze is afforded by delta metal, which was brought out ■ 
by Mr. Alexander Uick in 1883, And here it may be as well 
if the author explains how this alloy came to receive it-s name. '■ 
He does so because it was one of the first ioquiriea he addressed 
to the inventor, and because he has several times been asked 
the question, and if the invention had any reference to the 
delta of rivers. The author need hardly say that it has no such 
reference. The name "delta" was given to it by Mr. Dick 
simply for the purpose of connecting it with his own name, 
delta being the Greek for the letter D, the initial of the 
inventor's surname. In his researciies and early experiments, 
and, in fact, iu the development of delta metal into practical 
form, Mr. Dick was influenced by the circumstance that some 
twenty years since Aieh and Baron Kosthorn, of Vienna, intro- 
duced a small percentage of iron into copper-zinc alloys, with 
the view of improving tlie same. The results obtained, which 
are tabulated by Dr. Percy in his work on ' Iron and Steel,' show 
that the alloys possessed very remarkable strength and tenacity. 
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and it seemeii strange to Mr. Dick that, haviog sueli valuable 
qaalities, they did not come into general use. A London brass- 
founder, who used to manufacture these alloys, informed 
Mr. Dick that at times he obtained excellent results with 
bearings aud other parts of machinery made therewith, and 
then again the resulta were the very reverse, in spite of his 
taking the greatest care in manufacturing, as he thought, in 
identically the same way. Unable to account for the different 
results, he and several other manufacturers were obliged to 
abandon these alloys in spite of their promising features. 

Mr. Dick endeavoured to ascertain the cause of the un- 
certainty of these results, and he produced Tarious quantities 
of the alloys, apparently in exactly the same way, by dissolv- 
ing wrought iron in molten copper according to the Austrian 
method. The qualities of the resulting alloys, however, varied 
very much, simply because the amount of iron dissolved varied 
in each parcel. His first object, therefore, was to find a method 
by which he was enabled to introduce a known and definite 
quantity of iron, which he succeeded in doing by dissolving the 
iron in molten zinc to saturation, and adding the same, with or 
without pure zinc, to the molten copper. The desired quantity 
of iron can be introduced with great nicety. In consequence 
of the metals partly oxidising during the process of remelting, 
the castings, however, again varied in character, the oxides 
being dissolved in the alloy and destroying its tenacity and 
strength. This second difficulty was overcome by adding a 
small percentage of phosphorus in combination with copper. 
In some cases Mr. DicK also introduces tin, manganese, or lead 
into the alloy, to impart special qualities to it. By a series of 
experiments the most useful combinations were then ascer- 
tained, and alloys of definite compositions, and possessing 
special and very valuable qualities, are now produced under 
the name of delta metal. 

Tlie specific gravity of delta metal is 8 "4, its melting-point 
1800°. In colour it resembles gold alloyed with silver. It can 
be worked hot and cold, "When melted, it runs freely, and the 
castings produced from it are sound and of a fine close grain. 
Like all copper alloys, it does not weld, but can be brazed like 
copper or brasa, and if the object is of snfttcient thickness, it 
can be "burned" with great facility. Cast in sand, it has a 
breaking strain of over 21 tons per square inch. "Wiien forged 
at a dark red heat, the breaking strain is raised to fiom 33 to 
35 tons, and when hammered or rolled cold, it will stand a strain 
of more than 40 tons per square inch. The varieties destined 
for working cold can be drawn into tubes and wire, or rolled 
into sheets and rods, whilst those intended for working hot, not 
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only can be rolled with great facility when heated to about 
1600" Fahr., but are also capable of being stamped or punched, 
similarly to wrought iron and steel, into a great variety of 
articles which have hitherto been cast in bronze or brass. The 
author would draw special attention to this quality of delta 
metal, aa the possibility of hot stamping offers great advantages 
over castings — the articles are turned out much cheaper, they 
are of perfect soundness, and possess three times the strengtn 
of brass costings. Blowholes, which frequently can only be 
detected after expending time and labonr, are impossible, 
besides which a great saving is effected in the finishing of 
Bucli artii'les, as, unlike castings, the stampings leave the die 
almost perfect, requiring little or no tooling, but ready to be 
polished. Experiments are being made at the present time to 
utilise the semi-plastic state of heated delta metal to press it by 
hydraulic pressure into tubes and rods of round, hexagonal, and 
other sections in a way similar to that in which lead tubes are 



It IB interesting to know that the iron introduced by Mr. 
Dick's process is really chemically combined. This is proved 
by the alloy not rusting when exposed to the moist atmosphere, 
and also by its having no inBuence whatever on the magnetic 
needle. Experiments hove shown that by suspending a piece 
of delta metal on a thread, and at various angles between the 
ends of a powerful electro-magnet, no oscillations of the sus- 
pended metal conld be observed, which evidently proved that 
the iron contained therein had lost its mf^netic properties. 

The uses to which delta metal can be applied are very 
numerous. It is said to replace the best brass and gun-metal 
with advantage, and in many instances iron and steel also, as 
it does not corrode or rust. Thus, parts of rifles, of guns, of 
torpedoes, tools for gunpowder mills, parts of bicycles, gongs, 
and a number of domestic articles, are now stamped in delta 
instead of steel ; while spindles for steam and water valves, 
plungers, and pump-rods are forged in the same metal. In 
the Interoational Exhibition at the Crystal Palace may be seen 
a steam launch constructed throughout of delta metal by 
Messrs. A. F. Yarrow & Co. This launch is 36 feet long over 
all, with a beam of 5 feet 6 inches, and a depth from gunwale 
to keel of 3 feet. Delta metal having been proved by experi- 
ment to be equal in strength, ductility, and toughness to mild 
steel, the plates and angle-pieces of the launch are of the same 
scantling as thev would be if steel were used, viz. i^inch thick. 
The stern, kei stemposts are of foiled delta metal, and 

scraped toge % usually done. The angle-frames are 

made of tli -erial, but are placed longitudinally 
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instead of transversely, by which means greater longitudinal 
strength is secnred. The propeller, which is cast in delta 
metalj is four-bladed, 2 feet 4 inches in diameter, and 3 feet 
pitch. The engine is of the usual direct-acting inverted type, of 
sufQcient power to develop a speed of from eight to nine knots 
per hoar. The superiority which delta metal posseaseij over 
steel and iron for ship-building is that it does not rustlike they 
do. Such launches are specially adapted for the transport of 
salt, sugar, and chemicals, which rapidly corrode steel. Tlie 
extra first cost would probably be quickly repaid, besides which 
the metal always retains its value. 

In Table IX. are given the results of some experiments made 
at the Imperial Testing-house, Berlin, on May 28th and J une 4th, 
1884, to test the tensile, torsional, and crashing strength of 
delta metal. Table X. shows the result of a test of a cast delta 
metal chain. I'rom these tables it will be seen that the elastic 
limit of the delta metal is 31,571 lb., or 14 ■ 1 tons per square 
inch. The commencement of permanent set took place at 
49,757 lb., equal to 22 -2 tons per square inch. The breaking 
strain per square inch was 80,658 lb., equal to 37 " 34 tons ; the 
elongation was 12"9 per cent., and the contraction of area of 
fracture 17 '4 per cent. The crushing test, with a stress of 
2i?,000 lb., gave 0-80 per cent, of compression; 44,000 lb., 
1 • 33 per cent. ; 66,000 lb., 2-03 percent.; 77,000 lb., 2-71 per 
cent ; 88,000 lb., 3-87 per cent. ; 99,000 lb., 5-77 per cent. ; 
110,000 lb., 8-20 per cent. ; 121,000 lb., 10-76 per cent.; and 
132,000 lb., 13'41 per cent. The ultimate or crushing stress 
per square inch was 135,700 lb. equal to 60*5 tons. In tha 
torsional tests the sample was 10 inches long, audit will be 
seen that it was twisted more than twice round, the torsion 
being registered in degrees. The chain tested (the results of 
which are given in Table S.) was a portion of one of those 
supplied to the Brazilian armour-clad turret-ship Riaahuelo, 
The length tested was 10 feet, the links being 0-733 inch in 
diameter, and the length giving way under a stress equal to 
19-3 tons per square inch. 

■ Phosphor Copper. 

We have now done with the modem bronzes of what the 
author may call the primary series, and have reached those 
which may be considered as forming a secondary series, in the 
sense that several of them are more or less but modifications, 
combinations, or adaptations of those previously described. The 
author has already referred to the beneficial efi^ect of phos- 
phoroa on copper and its alloys, and which consists in producmg 
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a material of absolute closeness, oi" the highest possible degreed 
of toughness and elasticity, or, according to the percentage of ' 
phosphorus added, the metal can be rendered soft, or as nard 
as steel. These excellent qualities must not be attributed alone 
to the phosphorus in the metal, or only in a secondaiy degree, 
but are owing chiefly to the absence of oxygen, which, by the. 
energetic reducing action of the phosphoruB, is entirely elimi- 
nated. This question having received the attention ot' 
Mr. W. G. Otto, of Darmstadt, that gentleman conceived the 
idea of introducing phosphorus into copper in order to facilitate 
the work of engineers and founders by enabling them to add a 
certain proportion of phosphor copper to a given bulk of metal, 
so as to obtain a phosphor bronze suitable for various purposes. 
Phosphor copper contains from 15 to 16 per cent of phospboruB, 
and Mr. Otto, who is represented in England by Mr. G. Hartmann, 
applies this product to the purposes of producing phosphor 
bronze, homogeneous copper castings, and copper alloys of all 
classes. In practice the copper is melted in the ordinary way, 
as rapidly as possible, and is kept covered with charcoal. After 
the requisite quantity of tin, zinc, &c., has been added to the 
liquid metal — or if re-melting old or scrap metal, after these 
have been completely melted — the crucible is taken out of the 

I furnace, and the metal carefully freed from the charcoal, &c,, 
floating on the top, after which the small quantity of phosphor 
copper necessary is added whilst thoroughly stirring the metal. 
A akin which is found covering the liquid metal (bronzes in 
K 
CO 
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particular) then disappears, and the metal assumes a perfectly 
bright surface, which is a sign that the quantity of phos^or 
copper added was sufficient to remove all oxides present The 
metal is then cast at once, care being taken to prevent foreign 
substances and any skin which may meanwhile have formed 
again from being poured into the moulds. The presence of a 
perfectly bright surface is absolutely necessary, and also careful 
stirring of the metal down to the bottom of the crucible, for 
which purpose Mr. Otto made special stirrers. With regard to 
the proportions to be observed, the author is informed that for 
producing phosphor bronze and remelting old gun-metal, an 
addition of from 10 to 12 oz. of pliosphor copper, containing 15 
per cent oi phosphorus per 100 lb. of metal, is generally 
sufficient, whilst for making and remelting brass and braaa 
scrap, an addition of only 5 to 7 oz. of phosphor copper 
is required per 100 lb. of metal. The autnor understanda 
that Otto's phosphor copper is in use at many continental 
government worts, as well as by foreign railway companies 
and at private works, with every satisfaction. Withont for 
one moment wishing to appear as questioning this, the author 
still adheres to tlie opinion already expressed, namely, that 
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purchase the ingots of metal for the various required pur- 
jes already prepared by those whose sole business it is to 
produce them, and whose credit is at stake if an error of 
proportion be committed, is to his mind the more satisfactory 
conceives it to be pitting rule of thumb against 
iful research and practical experience. 
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Phosphor-JIanqanesb Bronze. 



There is in the market a compound known as ] 
manganese bronze, which is stated to be used for engineering 
purposes. The author has twice written to the producers of this 
alloy for information respecting its nature and uses, but without 
receiving a reply to either of his letters. It is, therefore, the 
manufacturers' misfortune, and not the author's fault, that this 

K reduction is not described in the present paper. Silence, 
owever, is said to be golden, and, looking at tne compound 
ame of the alloy in question, the adage may apply with special 
irce in the present instance. 
A 
am 



Phosphor-Lead Bronze. 
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About the middle of the year 1881 a new alloy under the 
lame of phosphor-lead bronze was brought to the author's notice. 
It was stated to be specially adapted for all purposes where 
gun-metal, brass, or other material ia used in the construction 
of those portions of machinery subject to constant wear or 
continuous friction. The introduction of lead into its compo- 
sition, and its homogeneousness, were said to give it special 
properties, rendering it most efficacious for the purpose men- 
tioned. It had been subjected to every test that experience 
could suggest, and was reported to have passed them all most 
satiafaetorily. The advantages claimed for phosphor-lead 
'ironze, were self-lubrication, greater wearing capacity than any 
her metal or alloy, great tensile strength — combined with 
Ltreme hardness — and non-liability to fracture. It was averred 
lat it remained perfectly cool under continuous and excessive 
friction, and it was said to be in extensive use ou the Continent 
by manufacturing engineers, shipbuilders, and others, with 
satisfactory results. It was being introduced into this country 
')y Messrs. K. H. Kuhne & Co., of Lobtau, near Dresden ; but 
'le author has not heard anything further of this alloy. 

Phosphor Tin. 

Under the name of phosphor tin, Messrs. Billington and 

Newton manufacture a compound which is used for making 

phosphor bronze. This compound is a mixture of phosphorus 

■with tin in certain proportions, the metaV bew^ sotJi \ki ca^x- 
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sumers who mate their own phosphor bronze by adding the 
phosphor tin to copper. The copper is melted in a crucible, and 
when in a fluid state the phosphor tin is added in the same 
way as ordinary tin. The mixture is then well stirred with an 
iron rod, covered with a coaling of blacklead. The metal is 
poured just before it begins to set in the crucible, and the 
moulds are always to be very dry, and where 20 per cent of 
phosphor tin is used, the castings are made in chills if possible. 
The author has applied to the manufacturers for detail parti- 
culars and tests, but he has not been favoured with them. It 
will be seen that phosphor tin is used in the same way as the 
phosphor copper ulreaay referred to, and although the use of 
phosphor tin is stated to be attended with good results, the 
author can only repeat the opinion already expressed, that, 
considering what diverse effects a slight variation in proportions 
appears to bring about, it is better for most purposes to obtain 
the alloy ready prepared than to trust to workmen for obtaining 
uniform results. The author is aware that he may be met by 
the statement that successful results are daily obtained by 
workmen using these compounds. This is no doubt true so far 
as it goes, but it is no answer to his assertion that rule of 
thumb can never hope to compete with scientific exactitude. 
He could give instances in the metallurgy of iron and steel 
where rule-of-thumb principles held out for a long time against 
the advances of higher science, but to whose dictum they were 
in course of time compelled to bow. 

Alcminiom Bbonze. 

The history of the practical manufacture of aluminium does 
not extend very far back into the past ; in fact, its commence- 
ment dates within the limits of the present generation. The 
three international exhibitions which have been held in Paris 
since aluminium began to be worked on a commercial scale 
form so many landmarks of its progress. In 1855 it was met 
with for the first time in the Palais do I'lndustrie in the form 
of a large bar, and was exhibited as silver produced from clay. 
In the Exposition of 1867 it was to be seen in a more advanced 
stage, worked up into castings and various kinds of useful and 
ornamental articles. There also for the first time waa seen 
the alloy aluminium bronze. The Paris Exhibition of 1878 
witnessed the maturity of the aluminium manufacture and its 
establishment as a current industry, having a regular demand 
and supply for certain purposes within the limits permitted by 
ita somewhat high price. To France, then, is due the merit of 
having been the first country to carry out Wohler's process for 
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the production of this metal on a commercial scale, and to have 
created the aluminium manufacture. Until recently, moreover, 
France appeared to be the only country in which the trade was 
able to prosper. The English manufactory established at 
Washington, near Newcastle-on-Tyne, by Messrs. Bell and Co., 
did not answer, and was closed some ten years ago. The 
German factory started at Berlin, by Messrs. Wirtz and Co., 
hardly lived at all, having drooped before it was well started. 
In France, however, the mamdacture appears to have gone 
steadily on from the first. 

The chief obstacle which has retarded the development of 
the manufacture of aluminium in England appears to have 
been the difttculty of obtaining the metal pure, the least 
portion of foreign matter rendering it useless for the purpose 
of alloy. This circumstance, coupled with its high price, has 
called its use to be very limited, although the value of 
aluminium alloys has long been well understood. About two 
years since, however, Mr. James Webster perfected his inven- 
tion for producing aluminium, and which ia now being practi- 
cally worked. It 13 claimed that by his process both the 
objections just stated are removed, the alumina being produced 
in a condition of great purity, without a trace of iron, and so, 
by care in the succeeding stages, the aluminium itself is free 
from all contamination with foreign substances. In Webster's 
process the source of the alumina is potash alum. This is 
ground to powder and mixed with pitch and gas-tar, in the 
proportion of 8 parts of alum to 1 part of pitch and 1 part of 
tar. The mixture is then thrown on the bed of a reverberatory 
furnace and carefully heated. By this means the water only ia 
driven off, while the sulphur and iron remain with a little 
carbonaceous matter in the cake. The operation requires 
careful attention, since, if the temperature be raised too high, 
burnt alum, which is unalterable, is the result. The fused 
mass is then removed from the furnace, and is ready for 
transference to the hydrate retorts. These are made of re- 
fractory fireclay, and are vertical. They are charged irom 
the top, whilst a mixture of steam and air is blown in at the 
bottom. At a red heat decomposition takes place, sulphuric 
acid and sulphur, together with iron sulphate, being carried 
over mechanically by the steam, and condensed in cisterns at 
the rear. The alumina and potash remain behind as a white 
cake, which is drawn from the retorts, transferred to a large 
tank, and lixiviated with water. The liquor, which contains al] 
the potash, is run off into a pan and evaporated, while the 
alumina is transferred to bags and allowed to dry. 

The Webster process appeals to be a simple and saccessful 



BES. ^^1 

and snI- ^H 

I 



156 HODEBK BBONZE ALLOTS FOB ENGDIEEBnia PTHtFOBES. 

one. All the by-products are regained, the potash 
phnr are extracted, the iron is thrown down as a fast and 
brilliant blue, and the residual sulphuric acid is concentrated 
for use. The alumina thus obtained is balled with charcoal 
and salt, made into a chloride and reduced for metal, the 
aluminium obtained being perfectly pure and containing no 
iron whatever. The process is being worked by the Alu- 
minium Crown Metal Company, and the metal itself com- 
bines Btreneth and lightness with elegance of appearance and 
general utility. The metal is of two kinds, white and yellow, 
the former being used for cutlery and other table requisites 
where silver and plated goods are now employed, and for every 
bind of metallic fittings, lamps, harness, and carriage furniture, 
chains, wire, and wire ropes, and, in fact, for every purpose 
where a non-oxidising bright surface is a desideratum, strength 
also being kept in view. The yellow metal is adapted and is 
stated to be used for guns, screw-propellers, engine-bearings, 
tubes, and all the various details of machinery where gun- 
metal and other alloys are now used. The metal as made is 
supplied in ingots to the manufacturers of the various articles 
indicated, who produce the finished goods for the market. It 
is reported to stand exceedingly well in engine -bearings, and 
also to give perfectly satisfactory results as applied to the 
manufacture ot screw-propellers. The metal is made in five 
qualities, and each quality is made either hard or soft as may 
Be required. Samples of aluminium bronze tested by Mr. 
Kirkaldy have given very high results as regards tensile 
strength, one specimen showing an ultimate stress of 42' 4 tons 
per square inch of original area. 

StLVEEOm. 

This metal was introduced to public notice in the early part 

of the present year. It is an alloy of copper and nickel 
adjusted with either zinc, tin, or lead in various proportions 
according to the purpose for which it is intended. Beyond 
this, however, there is a special method of treatment at a 
certain point in the manufacture which is stated to be the 
secret of success. The result is a metal of great whitenesfl, 
brilliancy, closeness of grain, and tensile strength. It is the 
invention of Messrs. Henry Wiggin and Co., and it is mainly 
intended to take the place of alloys of the brass, bronze, and 
gun-metal classes, in fact of every inferior metal where colour, 
polish, weight, and richness of lustre are desirable. The author is 
mformed that it is in use for machinery bearings and for all 
kinds of cocks, valves, and engine and boiler fittings. 
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Cobalt Bkonzb. 

Since bringing out their silveroid, Messrs. Wiggin have 
developed another alloy, which is now being introduced under 
the name of cobalt bronze, and which is a whiter but slightly 
more expensive metal than silveroid. It is, perhaps, the more 
interesting of the two, because there is introduced into its 
composition small quantities of the metal cobalt. The mallea- 
bility of cobalt in a pure metallic form has long been under- 
stood ; but the author believes it was not until a few years ago 
that it was demonstrated by Messrs. Wiggin that it might be 
rolled into sheets, and wrought, like other metals, into articles 
of utility. Its high price, however, interfered with its pro- 
duction, and militated against its use. This fact induced 
Messrs. Wiggin to endeavour to compound an alloy in which 
the sterling qualities of this valuable metal could be fully 
represented, and which, at little more than the cost of ordinary 
German silver, might possess in a large degree all the attri- 
butes of the pure metal itself. Possessing, as it is said to do, 
many of the qualities and every appearance of metallic cobalt, 
it is manufactured in several qualities, the higher grades being 
preferable, on account of their suitability for casting purposes, 
their close, steel-like surface, their susceptibility of a high 
polish, as well as their hardness, toughness, and great tensile 
strength. Cobalt bronze is intended to be used for the same 
purposes as silveroid, especially in high-class fitting work. 

The author has now fulfilled the promise made at the outset 
of his paper, which was to place before the Society a lew facta 
concerning such modern bronze alloys as are being usefully 
employed for engineering purposes. He does not lay claim to 
any independent personal research or experiment upon the 
subject, such being precluded by the constant demands upon 
his time in other directions. He has consequently had to 
accept the results obtained by others, bat he accepts them in 
perfect good faith. As they stand, they indicate the value and 
importance of the modem bronzes, and will serve as guides in 
the choice of a metal for a given purpose. The question of 
modern bronzes, however, is a very important one, and presents 
a wide field for scientific investigation and practical research. 
At the present time we are comparatively m the dark upon 
this subject, which has not received 'the careful attontion at the 
hands of metallurgists that it deserves, and if the present paper 
only awakens attention to this fact it will not have been 
written in vain. It will be seen that the author has divided 
the bronzes into two classes, namely, those which come under 
the bead of original productions, and those which be can only 
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consider as imitations. In thus distinguishing them, he dei 
to give oiTence to none, but he sees no way of evading what he 
believes to be a common-sense and equitable conclusion. In 
conclusion, the author will only suggest that, in selecting a 
material for practical use, proper regard should be had to the 
pretiise purpose the metal is required to serve, and that careful I 
scientific preparation, based upon long experience, should be I 
allowed to prevail against rule of thumb and a possible small' I 
saving in first cost. He would the more strongly impress this | 
view of the caae upon the Members because he well knows that, I 
althongh imitation is the sincerest form of flattery, flattery j 
usually has to be paid for by some one or other. 

DISCUSSION. 

Mr. Haery Oleick said it might aid the discussion if any 
of the Members would say whether they had ever seen bronze 
in which some substance had been used as a flux other than 
phosphorus or manganese. The thin piece of bronze he now 
produced contained 89 per cent, of copper, 10 per cent, of 
tin, and 1 per cent, of mercury, and it was absolutely 
malleahle, as they could see from the thinness of the sheet. 
It abo possessed a strength which did not seem to have been 
equalled in the examples of the different bronzes which Mr. 
Nursey bad mentioned. From the tables exhibited it appeared 
that a rolled round bar of delta metal had a maximum strength 
of 37 '34 tons per square inch. The mercury bronze, which 
was simply called malleable bronze, had been tested by Pro- 
fessor Kennedy, who gave as the result of his examination 
of a great many specimens, both of cast and of rolled metal, 
43 "7 tons per square inch as the breaking strain, and 8 per 
cent, elongation in an 8-inch piece. Some of the specimens 
tested showed a strength of about 50 tons per square inch. It 
seemed to him that the hardness of an alloy was easily obtained 
by the proportion of tin used, but malleability was also a very 
important consideration. 

Professor Hontington said he had been engaged in con- 
nection with bronzes for some two or three years, and during 
that time he had made five or six hnndred machine tests, 
which had been carried out with a definite object, A point 
which Mr. Nursey bad referred to was deserving of more 
attention than it usually received, namely the re-melting of 
bronzes, and the alteration in their composition and their 
mechanical condition occasioned thereby. Those required care- 
ful checking by machine tests. The points which appeared t« 
have been more particularly raised by the paper were these: — 
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Taking the best results wMcli could be obtained by the various 
metals, for what purposes were they eminently suited ? Were 
they eminently suited for the purposes which the manufao 
turers specified? Then, beyond that, couM the results which 
the manufacturers claimed be obtained uniformly ? He would 
leave the first point to those who were greater users of bronze 
than he was. With regard to the second point, the varioua 
Bo-called modem bronzes were not bronzes in the true sense ; 
they were alloys, some of which contained as many as five 
ingredients. There were so-called bronzes which contained a 
very large quantity of zinc. He took it that those alloys bore 
to gun-metal very much the same relation which cast steel 
bore to cast iron. It was common knowledge that cast iron 
was sent about the country in the form of pig-iron wherever it 
might be required. But with regard to cast steel, did firms 
like Jessop, Vickers, Osbom, or Hadfield, and others, readily 
trust their metal to be sent about the country to be cast by 
whomsoever might get hold of it ? He thought the answer 
was, decidedly not. Those firms would think twice before they 
risked their reputation by allowing their metal out of their 
own hands. That arose from the fact that they were private 
manufacturers having their reputation and their capital at 
stake, and were not companies. The production of cast steels 
had been a thing of slow growth, dating back to an early 
period. The modern bronzes had come into existence in com- 
paratively recent times, mostly under the auspices of com- 
panies, who had entered into rapid competition one with 
another, and, as a result, had been forced to seek the most 
ready means of disposing of their metals to users. In order 
to accomplish that, they had produced them in the form of 
ingots which were sent out to those who wanted the metal for 
bearings, propellers, or what not. That practice was right 
enough in one way. Engineers said, "We cannot always be 
Bending to A, B, or C, to produce our work, and then have to 
carry the castings long distances." But, on the other hand, 
one must not lose sight of the fact that those persons who had 
invented the metals and perfected them had a vastly superior 
knowledge of how to cast them than could be obtained in a 
short time by the users, and therefore it was not surprising 
that, in many cases, phosphor bronze, manganese bronze, and 
all the other bronzes, might have come to grief in some way 
or other, and that the progress of those metals had been 
checked to a considerable extent. He had no doubt that those 
metals were just as superior to gun metal as cast steel was to 
cast iron ; but, until the various casters had acquired a greater 
amount of knowledge than they at present possessed, in dealing 
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with tbose metals some little mishaps must be expected 
time to time. He did not for a momeut Bay that the pro- 
ducers of bronzes should refuse to eenci their metals out. The 
users must rather do all they could to train the casters in the 
various engineering shops to a better knowledge of how to deal 
with them. He had not only been devising bronzes himself, 
but he had been testing the metals produced by others. In 
the case of one metal, he had tested some pieces which had 
been recast at some engineering works ia the form of test 

Eieces, and he had also tested some of the same metal which 
ad not been recast, but which he had had machined up into 
test pieces of a similar character. He found that the metal 
which had been re-melted had only about one-half the strength 
of that which had not been re-melted, but which had been 
machined up in the condition in which it had been received 
from the makers. And yet the recast test pieces had been 
prepared by engineers of considerable experience, and by one 
of tneir best men. 

Mr. H, Young said that when the phosphor bronzes came into 
use his £rm tried them for the casting of bearings, but it was 
very rarely, if ever, that they could produce a perfectly sound 
casting. They used sand moulds, and they cast the metal 
perhaps a little too hot to begin with, to ensure its running 
sharp. He had imagined that this would give the droffl of 
the metal an opportunity of rising to the top of the channel ; 
but, singular to say, where he anticipated that the casting 
would be the most dense, namely on the bottom or lowest 
surface, it was the most porous. They tried to cast spindles 
and other things for mill-work in this way, but they were 
ultimately compelled to give up their attempts. It occurred 
to him that the metal might be more advantageously used for 
statuary, and therefore he offered a firm of bronze makers to 
risk the labour for the casting of a statue if the fiim sup- 
plying the material would send some competent person to 
show his men how to run the metal satisfactorily. A trial was 
accordingly made. The mould was about as good as could be 
made, and he was advised to cast the metal at rather a dead 
heat. Statuary castings in general were very thin, and did 
not run more than f-inch to |-inch in thickness, therefore it 
was very important that the whole surface of the mould should 
be covered. In this instance, the metal was cast at a tempera- 
ture which he thought would cover the whole face of the mould. 
He found, however, that the surface was porous, and therefore 
he went back to what might be thought to he the old rule 
thumb. Id his researches, he found that perhaps the 
bronze for ornamental work was similar to what had 
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found upon xnalyBis lo be that which had been used Ibr bronzes 
of the pre-hifltorio period, numbers of which were now to be 
found in our museums. The eomposition of those bronzes waa 
copper 88, with about 12 per cent, of tin. There was no better 
metal for ensuring a good sound casting, and for coming out 
sharp, and running a good distance. The sphinxes on the 
Thames Embankment were of that composition, and were 
made in one running, and he considered they compared 
favourably with Marochetti's lions in Trafalgar Square, each 
of which was in seventeen parts and built up. A very good pro- 
portion for tooling and working up was 88 to 12 parts. Metal 
which was to be used for artistic chasing and for art sculptures 
was made softer. It contained about 80 per cent, of copper, 
8 of tin, and 12 of zinc. Metal of that composition was more 
ductile and more easily manipulated, but at the same time it 
was more subject to oxidation. In the case of bearings and 
other machinery work, he found that, as a rule, a great deal 
depended upon the founder, because if he had special alloys 
supplied in ingots, he must melt them in a crucible, and 
perhaps the crucible, owing to the nature of the metal, had 
to be covered, and then he bad a difficulty in running the 
metal into the mould and getting a sound casting. For 
mechanical purposes, a metal composed of copper and tin 
was the most reliable, and every experienced founder could 
produce an alloy equal to the work in hand. A proportion of 

1 of tin to 4 of copper gave a very hard metal. One of tin to 

2 of copper gave a composition almost like speculum, and as 
brittle as sealing-wax. The proporlion of tin to copper might 
be reduced with very good results. By that means they could 
obtain a tough and perfectly sound metal. Soundness was a 
very important thing. For example, a founder might produce 
an intricate set of pump-barrels of phosphor bronze, and when 
in the machining he took the last cut, he might come upon a 
honeycomb part, and the whole would be useless. If he cast it 
with copper and tin at a proper heat, he might make sure of 
having a sound casting. Copper and tin should be melted 
separately in crucibles, and mixed just before running into 
the casting. The best result as to uniformity was obtained 
when the metal was cast at just the right heat, and which 
the founder understood. If it was cast too hot, it would be 
found that the tin would filter up through the copper and form 
large uneven patches. 

Mr. W. SCHONBEYDER Said there had been only a slight 
reference iu the paper to the correct proportions that should 
always exist in alloys. He believed that in order to get a 
thoroughly sound casting, whether from copper and tin or from 
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any other mixture, the metals must be mixed in snch proportiona 
that they wonlil combine chemically and not merely mechani- 
cally. He believed that in ninety-nine castings out of a 
hnndred the metals were merely mechanically combined by 1 
careful stirring, but if they were combined in their chemical f 
proportions, a soimd metal would always be obtained. Upon J 
comparing mixtures of metala which, as he had been told by I 
founders, made exceedingly ^ood castings, he had found that I 
the proportions of the metaJs corresponded very nearly with I 
their relative atomic weights. It seemed to him that a neces- J 
sary operation in testing the various bronzes with regard to | 
their suitability for bearings for railway-carriages was to find | 
out the coefBcient of friction under which they ran. The 1 
amount of metal worn away might be small, and yet it might I 
cause a great frictional resistance, and necessitate a high trae- J 
tive power to propel the carriage. Generally, the amount of | 
friction was entirely left out of consideration. I 

Mr. J. Farqiiharson said lie believed that he was makingrl 
phosphor bronze before it was worked by tlie Phosphor Bronze ^ 
Company, and by a different process. His experience was 
quite different from that of Mr, Young, who said ho could not 
make sound castings with it. He (Mr. Farquliarson) had found 
that phosphor bronze was the moat easily managed of all the 
bronzes with regard to soundness. Strength and ductility of 
course varied according to the proportions in which the 
ingredients were used, but he had never found any difficulty in 
getting perfectly sound casting. From what had been stated 
in the paper it appeared that phosphor bronze was now made 
from quite a different phosphide from that which was used 
when he first made its acquaintance. It was then made from 
phosphide of tin. He believed that he was the first to make 
the copper phosphide. He was very much surprised to find 
that the copper phosphide was being made with 14 per cent, of 
phosphorus. He had experimented to find what proportions of 

Ehosphorus would give the most economical combination, and he 
ad come to the conclusion that about C or 7 per cent, was as 
much as could be combined without an undue loss of phosphorus. 
That amount could be combined \vith a loss of rather less than 
one-sixth of the phosphorus which was put in, but he should 
hardly be prepared to expect that a 14 per cent, combination 
could be made upon any such terms. He first entered into the 
question of using phosphorus in connection with copper for 
the purpose of improving its quality in the refinery ; and until 
tl ' 6 of the mill recently the Government had nsed 
13 instead of the poll for all the copper that was 
B purposes at the Koyal mills at Chatham. 
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need for the purpose of reducing the amount of oside and 
giving a better quality of copper. They used only Buch an 
amount of copper phosphide aa would effect the purpose with- 
out leaving any phosphorus in the copper afterwards, ahout 
1 cwt. of the phosphide to a charge of 5 tons of copper being 
sufBcient. His experience was quite in accordance with the 
facts stated ia Mr. Nursey's paper witli regard to phosphor 
bronzes. So far as he had seen, the phosphor bronzes were. 
very much more certain and uniform in their results than any 
of the other so-called bronzes. One remark in the paper which 
was well worthy of attention was, that persons intending to use 
the bronzes should not trust to their own way of making them, 
but should obtain ingots of the metal from people who knew 
how to make it. He would go a step farther and say, as regards 
manganese bronze, that if tney were to get anything like the 
results which were shown in the tables he should advise them 
to get, not the ingots, but the articles themselves. He believed 
that he was present at the testing of some of the specimens of 
manganese bronze which were recorded in one of the tables. 
Those specimens gave very high results indeed. He had the 
specimens very carefully assayed by two persons eminently 
qualified for such work ; and he obtained ingots of the same 
composition, made by the company, but he could never get 
anytning like the results which were obtained from the t^st- 
pieces. He wished he could get such results in ordinary 
castings from the manganese bronze, but he had never seen any- 
thing like them. But in the case of the phosphor bronze which 
be had ordinarily used be got resalts very similar to those 
stated, and that without much difficulty. He had had very 
little experience of delta metHl. It was a newer alloy than 
either ol the others. He could not say much about the 
certainty of the results obtained with it. He had got some of 
the metal from Mr. Dick, but the results he obtained were not 
so good as those which Mr, Dick got recently. Both in man- 
ganese bronze and in delta metal, he had foiind considerable 
uncertainty as to the soundness of the castings. He thought 
that unless engineers could be supplied with materials which 
ordinary foundrymen could use, they would hardly venture to 
do much with them. 

Mr. H. H. Lewis, alluding to the question of the suitability 
of phosphor bronze for friction at a nigh velocity and under 
heavy loads, said that he had had a little experience of the 
use of that material for worm-gearing. With a load of 7 tons 
on a cast-iron wheel with a steel worm, the steel wore out the 
cast-iron iu a few weeks. He substituted a phosphor-bronze 
worm, and that had been running for three years. In another 

M 2 
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install ce an S-liorsepower gaa-engine was driving a worm-gear 
crah with a steel wheel and a eteel worm, and it had great 
difficulty in liflmg 11 cwt. at a certain speed. After substitu- 
ting a phosphor-bi'onze worm for the steel one they lifted a 
20-ton load easily at the same speed. 

Mr. P. M. Paksons said be should like to know upon what 
experience Mr. Farquharson based the statements he had made 
with reference to manganese broDze. 

Mr. Farqdhaebok said that the general statement which be 
had made about manganese bronze was that as compared with 
phosphor bronze it was more djfBcult to run sound. The 
Admiralty, as Mr. Parsons was aware, had some samples of 
manganese bronze which satisfactorily stood the high testa 
mentioned in Mr. Nursey's paper, but they (the Admiralty) 
could never make any metal approach to anything like such a 
strength. In order to assure themselves that there was nothing 
wrong they obtained from Keats and Co, a sample of copper 
already alloyed with 20 per cent, of manganese so that they 
might know precisely the quantity of manganese they wt 
using. They used that alloy in various proportions from a very . 
small quantity up to one which was positively injurious, ana 
which was not a very large quantity after all ; but whatever 1 
proportiou of the alloy was used the Admiralty could never , 
reach the soundness which they could obtain easily with 
ordinary gun-metal, or phosphor bronze ; nor could they obtain 
the strength or ductility corresponding with the teats made by 
Mr. Parsons himselt 

Mr. Parsons said it was evident from what Mr. Farqubatson ' 
had said, that the manganese bronze which the Admiralty made 
was not what was made by the company which he represented, 
it being alloyed with manganese alone, whereas the manganese 
bronze made by his (Mr, Parson's) company was alloyed with 
ferro- manganese, which fuily accounted ior the difference. 
There was no doubt that one of the qualities of their bronze 
would be difUcult ibr an ordinary brasstbunder to cast, because 
it required a special knowledge of the metal, and a treatment 
which they bad found out by experience. When it received 
that treatment there was not the slightest difficulty in making 
perfectly sound castings. The tests to which Mr. Farquharson 
had alluded were made for the purpose of ascertaining what 
greater strength was possessed by the manganese bronze aa 
compared with gun-metal. Messrs. Maudslay cast some manga- 
neee bronze into bars 1 inch square, and some gun-metal bars of I 
i quality they could make of the same size. Both ' 

laid on supports 12inches apart, and while the manga- 
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nese-bronze bars took a weight of 52 cwt. applied transversely 
in the middle of the bar, the gtm-metal bars would only bear half 
that weight. There was not the slightest difficulty in making 
sound castings with manganese bronze by the proper means, but 
some persons would not take the necessary trouble. They used 
various qualities of ferro -manganese, according to the quality of 
metal they wished to produce ; and in the ferro-manganese used, 
not in the bronze made, the proportion of metallic manganese 
varied from 5 to 40 per cent. ; but only about 2 to 4 per 
cent, of this ferro-manganese was mixed with the copper. 
This was about the same proportion as was put into steel. A 
small proportion of the manganese was used in deoxidising the 
copper and a yery small proportion remained in the bronze ; 
but this was in some cases as much as 0"3 per cent. It was 
found that up to a certain point an increase of the proportion 
of manganese increased the toughness of the metal. With 
regard to combining the metals in tbeir atomic proportions, 
that was a point at which he had always aimed. He had no 
doubt that if the metal from which the tin separated out, of 
which mention had been made, had been examined, it would 
have been found that the copper and tin had combined in their 
atomic proportions, and that the copper refused to receive any 
more tin, until it was added in another multiple of its atomic 
proportion. 

Mr. YoiTNQ said he had never found any difficulty in casting 
a straight bar in almost any metal; but if Mr. Parsons would 
tell them that he would undertake a p!iir of double barrels 
jacketed with their ports and valve-seatings all east together, as 
was now the prwctice, and guarantee to make them sound, he 
should be incline<i to have some faith in the bronze. He had 
found that even the Phosphor Bronze Company could not 
guarantee sound castings of plain ordinary bearings. He had 
seen as many as eight or ten rejected one after another aa they 
had passed from the lathe-man. 

Mr. NuRSEY, in reply, called Professor Huntington's attention 
to thefact that in the paper he bad defined bronze pure und simple 
as consisting of copper and tin, but which, however, wiw modified 
by the ancients as well aa by tlie moderns by the addition of 
other metals. Mr, Schonheyder had referred to the question 
of the mixture of the component parts of modern bronzes in 
their proper chemical proportions. That was a question which, 
to his (Mr, Nursey's) mind, was still open to caieful, impartial^ 
and independent investigation. Until that had been efiFecled 
there would be, probably, a great deal of confusion amongst 
those who attempted to make varieties of bronzes outside those 
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persons who had devoted careftil stndy to the subject, and who 
knew perfectly well what the chemical proportions were. That , 
was one of the contentions of his paper. 

The Cbaibmas said he had no donbt that many of the J 
difBcolties which had been mentiuned in connection with the J 
fH^paration of the modern bronzes were also encountered iaM 
casting ordinary brass. Two metals of different melting tern- 1 
peratores had to be dealt with, and unless that was done by I 
someone having experience in combining them, the result | 
was frequently a failure. They were very mnch indebted to ] 
Mr. Nursey for the paper which he had read, and for the I 
great trouble he had taken in preparing the diagrams. NaJ 
doubt his work would prove a very iotereeting addition to thel 
Transactions of the Society. 
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Novetnher 3rd, 1884. 

PEREY F. NURSEY, Vice-Pbesidbnt, in the Chair. 

COOPER'S COAL-LIMING PROCESS. 

By Pbofessoe J. Alfeed Wankltn. 

In King's treatise ou coal-gas, numerous analyses of coal are 
given showing the percentage of sulphur in different kinds of 
coal, and from which the author quotes the following : — 

IPereenlsgs of 
Sul])hur lu CMt. 
Derbyshire ooala 0'91 
„ , 1'14 
Qloncestershire coftle 0'85 
„ 2-G7 
Lancsshiie coals 0'80 
, 2-13 
Scjotoh coals 032 
„ l-5a 
Welshoottla 0'70 
3!)5 
NewcsBtle coals, areiage of eightecu Homples from 
different miaes 1-21 
OldPelton 0-75 
Pelaw 0-85 
■Washington 0-73 
NewPellon 062 
Leveraon ■ 69 
Dean's Ptimroao ■ 90 
Londonderry I ■ 64 
, 1'30 
GoBfortli X-10 
West Hartley 1-20 
Hastings Hartley 1-50 
When coal is distilled in the ordinary manner in the process 
of gas-making, part of the sulphur remains behind in the coke, 
and part of it goes into the gas in the form of sulphuretted 
hydrogen, sulphuret of carbon, and other volatile compounds. 
Hence the small percentages of sulphur shown in the tabular 
statement just given are a source of great trouble to the gas 
manufacturer. If coal were devoid of sulphur, the gas made 
from it would not require to be passed through purifiers, and 
after leaving the scrubber might go directly into the holder. 
But since coal does contain some 1 per cent, of sulphur, a 
portion of which enters into the gas, the gas manufacturer 
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has hitherto been compelled to have recourse to a process of 
purification by means of purifiers, which is very costly, and 
creates a great nuisance in the neighbourhood of the gasworks. 
The process of purification by means of purifiers is so familiar 
that the author need not describe it. As is well known, one 
of its incidents is the periodical discharge into the open air of 
large volumes of foul lime or foul oxide of iron ; and, as ia 
equally well known, it is the effiuvium thrown ofiT into the 
atmosphere by the fonl lime and foul oxide which constitutes 
the chief nuisance arising from the manufacture of gas. 

The cost of the process of purification by means of purifiers 
may be arrived at by reference to the published accounts of 
gas companies, and to the evidences given by eminent gas 
engineers before Parliamentary committees. The following 
summary will be fouud to be in accordance with the &cts 
which have come to light. Gas companies (for instance, the 
gas companies of London) which manufacture very pure gas, 
spend 8'31d. per ton of coal carbonised. Gas companies 
which do not manufacture very pure gas, that is to say com- 
panies which do not trouble themselves to reduce the sulphur 
to 15 grains per 100 cubic feet, usually spend about the half 
of that sum on the purification of gas. The author has also 
to mention that these figures relate solely to the cost of labour 
and material, and are exclusive of interest on the capital sunk 
in the erection of the purifiers and the purifying-house, and 
exclusive of ground rents. On this subject the evidence of Mr. 
George Livesey, of the South Metropolitan Gas Company, is 
Tery instructive. Tiie evidence was given on June 17tn, 1880, 
before a Parliamentary committee, and is quoted by Mr. Spice 
iu his book on the purification of coal-gas, page 29. Mr. Geo. 
Livesey said: — "All I can say on that point is this; If the 
town wishes to have gas at a maximum of 20 grains of sulphur 
impurity they must pay for it. It involves double the extent 
of purifiers that would otherwise be required if there was no 
restriction, and it involves about double the quantity of 
materials and the labour of purifying." Replying to counsel's 
remark, " You have not considered in this case the question of 
the standard price," Mr. Livesey said, " I have considered it to 
this extent, that a certain standard is sufficient without restric- 
tion. They would want 2d. more per 1000 feet with these 
restrictions. ' Replying to counsel's observation, " You have 
diSered from some of the witnesses who have been called, who 
say Id. per 1000 feet would be enough," Mr. Livesey con- 
tinued: "I take it that Id. per 1000 feet is interest on the 
capital expended on the additional plant, and another Id. for 
extra labour, and there is the nuisance besides, which the 
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' public winild have to submit to." Inasmuch as a ton of 
coal yields about 10,000 cubic feet of gas, Mr. Livesey's 
evidence amounts to this — that the cost of the extra purifica- 
tion requisite to lower the sulphur to 15 grains per lUO cubic 
feet of gi»s is about 20d. per ton of coal carbonised, lOd, 
being for labour and material, and Wd. for interest on 
capital sunk in plant. 

This, then, was the condition of the gas industry in this 
respect up to the date of Cooper's coal-liming process, which 
the author will presently describe. The coal used in gasworks 
contains about 1 per cent, of sulphur. When gas is made, part 
of this sulphur enters into the gas. To rid the gas of this 
eulj)hur, and thereby to render the gas fit for the use of 
civilised society, costs Sd. or lOd, in labour and material per 
ton of coal carbonised, and Sd. or IQd. in interest on plant, 
and entails upon the gasworks the creation of one of the worst 
nuisances in the whole range of manufacturing industry. 

In this condition of affairs Cooper's coal-liming process 
supplies a remedy by manufacturing gas up to the London 
standard of purity, and saving 90 per cent, of the cost of 

Jurification, and abstaining from the creation of the nuisance. 
E we could find a supply of non-sulphurous coal, or if we could 
extract the sulphur before cai'bonising the coal, the difficulty 
would be got over. But there is no probability of our ac- 
complishing either of these tasks, and Cooper's process sets to 
work in another way. It neutralises the sulphur in the coal 
by means of a slight excess of lime. To 1 ton of coal J-cwt. of 
quicklime is added. The lime is slaked with about its own 
weight of water and mixed intimatfly with the coal. At the 
Tunbridge Wells Gasworks, where tlie process has been in 
operation for about twelve months, the lime and eoal in the 
proportions stated are fed into an incorporating mill, in which 
tiiey are blended by being passed between a pair of toothed 
rollers. The limed coal &lls into a receiver, from whence it 
is lifted up by elevators to fixed hoppers in the retort-house, 
where it is stored for use and is supplied to the charging 
apparatus as required for the retorts. It is a well-known 
chemical fact that at the temperatures, and under the con- 
ditions realised in the interior of the gas-retort, sulphur has a 
greater tendeucy to unite with calcium than to unite with 
hydrogen, or with carbon, or with oxygen, and if there were 
absolutely perfect mixture of the lime with the coal, there 

I would be absolutely no escape of any sulphur into the gas. 

^n practice -the mixture is only approximate, and accordingly 
o practice the purity of the gas is approximate. But the 
^pioximation is good enough to ensure the most im^Qirtaa*. 
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results. During the two yeais which have elapsed since 
Cooper's process was introdnL-ed to public notice, ample oppor- 
tunities nare been afforded of demonstrating the efficiency 
of the process in yielding gas only slightly charged with 
sulphur. In a paper which the author read before the Society 
of Arts in the early pirt of this year he gave comparative 
analyses of gas produced from limed and from unlimed coal. 
The coal employed in the experiments was of the most varied 
kind ; the scale was larger, the gas being taken from retort- J 
houses carbonising about 1000 tons of coal a week. The J 
analyses were very numerous, amounting to several hundred8,J 
and — as tlie following specimens show — the results were qultQ 
unmistakable : — 
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The figures express the results arrived at by the Hatcoaibj 
method of testing. I 

The effects of the lime on the sulphur compound, even wh^t >1 
the mixture of the lime with the coal is imperfect, are so i 
striking that it is hardly possible for any experimenter toft 
overlook them when his attention has been directed to thel 
subject ; and even Mr, Hack, whose report to the Birmingham J 
Corporation was conspicuously adverse to Cooper's process, did I 
not fail to show the diminution of the sulphur compounds which I 
that process brings about. | 

At the Tunbridge Wells Gasworks, where the Cooper pro- j 
cess, as already stated, has been worked for an entire year,c 
the results are most satisfactory. At these works the coal is aj 
very inferior variety of New Pelton, consisting for the most parti 
of slack, and containing, according to the author's analysis, 1*7m 
to I '3 per cent, of sulphur. Under ordinary circumstanoe^B 
such coal might be expected to yield a gas which — unleasB 
purified by the lime-purifier — woidd contain from 25 to 5C 
grains of sulphur compound per 100 cubic feet of gas. Durinj 
UiP year in which Cooper's process has been- worked 
Tunbridge Wells, and during which there has been no lim 
purifier at the gasworks, a mean of less than 13 grains c 
Bulpbur per 100 cubic feet of gas has been maintained. Thi 
HUtiior ought to add that tins result has been arrivei 
w evertiug to any specially intimate mixture beyond th« 
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incorporating mill already referred to. The West charging 
machine is used at Tunbridge Wells, but none of the many 
obvious devices have been resorted to in order to increase the 
mising power of the machine. 

Viewing the question from a obemical poiot of view, the 
intrinsic superiority of eoal-liming over the lime-purifier as a 
means of depriving gas of sulphur is obvious. If it were 
desired (as in time to come it may be) to manufacture gas witli 
the sulphur reduced to 1 grain per 100 cubic feet, a chemist 
might hope to accomplish the taali by a persevering endeavour 
to comply strictly with the directions of the Cooper process. 
By a suitable modification of the generating mass it is by no 
means an impossible task to generate a gas originally free from 
sulphuret of carbon. But to absorb the last trace of sulphuret 
of carbon contained in gas is a very much more difficult 
undertaking. The inferiority of the lime-purifier to coal-liming 
is aptly shown by the rise in sulphur compounds which takes 
place in winter. In pity for the necessities of the London 
companies, which have hithei-to had to rely upon so trouble- 
some an implement as the lime-purifier, the gas referees per- 
mit the gas in winter to contain 22 grains of sulphur for 
100 cubic feet. If coal-liming were resorted to instead of the 
lime-purifiera, the London companies would require no such 
indulgence. 

The removal of sulphuretted hydrogen from a gas 'which 
contains it is a very much easier task than the removal of 
-etilphuret of carbon. Probably no impurity is easier to deal 
with than sulphuretted hydrt^eu. Gas — which, when it issues 
irom the retort, is loaded with sulphuretted hydrogen — may be 
rendered absolutely free from that objectionable compound 
by the action either of the lime-purifier or of the oxide of iron 
purifier. But, as hitherto practised in gasworks, this ab- 
sorption of sulphuretted hydrogen has always involved the 
creation of nuisance and the expenditure of a considerable sum 
of money. An indirect but very important result of coal- 
liming is the accomplishment of the removal of sulphuretted 
hydrogen without the creation of any nui^nee and with 
diminution of the expenditure. 

In order to explain how this comes about, it will be requisite 
to direct attention to the manner in which the oxide of iron 
'purifier acts upon the sulphuretted hydrogen contained in coal- 
s. There are two methods by which this purifier acts. One 
these methods is action as an oxidiser ; the other method is 
ion as a carrier of oxygen. Oxide of iron acting as an 
idiser gives up oxygen out of its own substance, and in that 
ly produces water and sulphur when sulphuretted hydrogen 
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passes through it. Oxide of iron acting aa a cariier of oxygen 
acta by causing the oxygen contained in traces of air to unite ; 
with sulphuretted hydrogen. Both kinds of action have been 
known for many years, and both kinds of action hare been 
employed in gasworks for many years. Between these two 
methods of action there is a very vital practical difference. 
Action as an osidiser is productive of nuisance, and ia costly. 
Action as a carrier is devoid of nuisance and ia economicaL 

Up to the present time, in moat gasworks, very nearly the 
entire action of the oxide of iron baa heen action aa an oxidiser. 
In a few gasworks, here' and there, about half of the action may 
have been of the carrier kind. But at Tunbridge Wells — anS 
as yet only at Tuubridge Wells — the entire action of the 
oxide of iron has been confined to the carrier kind. And this I 
great achievement has bt-corae possible through the adoption of 1 
the Cooper process, which so far limits the proportion of sul- 
phuretted hydrogen in the crude gas that traces of air become | 
amply sufiicient for the destruction of the whole of the sul- 
phuretted hydrogen contained in the gas. In conclusion, the I 
author would observe that the Cooper process is singularly free I 
from drawbacks of any kind. Tiie lime which is mixed with the J 
coal returns more tliao its money value in the shape of the I 
increased yield of ammonia. The coke is increased in quautity, 
and improved in quality. There is neither diminution of the | 
volume of the gas, nor deterioration of its quality. There is I 
not even a falling off in the yield of gas per mouthpiece when I 
the process is properly wurked. And there is no appreciable I 
destruction of the furnaces which can properly be laid to the 1 
charge of the coal-liming process. 




DISCUSSION. 

Mr. Chakles Gasdon said be had listened to Professor 
Wanklyn's paper with considerable interest, because he had 
heard a good deal about limed coat of late, and it bad appeared 
to him that undue claims had been put forward with regard to 
its iienefits. He believed that at one time Professor Waoklyn 
accused the gas engineers of England of unnecessarily poisoning 
the atmosphere by the way in which they purified the gas, but 
he felt coufident that every gas engineer would hail with great 
pleasure any means by which the purification could be perlbrm,ed 
in a more simple way than that which had beeo hitherto 
practised. He had made a few experiments with the coal- 
limiog process to aBcertain whether be could do anything with 
it It would occur to every one that if lime was mixed with the 
coal a certain portion of the tiulphur contained in the coal 



would be arrested in the retorts, and certainly to that extent 
there must be an advantage in the mixing. Another claim was 
that more ammonia was produced, which waa a very important 
item. From his own experience he could say very little about 
the increase, but it seemed that many who had tried the proceae 
had obtained an increase of ammonia, in some cases a consider- 
able amount, and in others very little. What bad concerned him 
most was to know whether the compound of sulphur and carbon, 
the great incubus to all gas-makers, could be sufficiently reduced 
to enable the process to be substituted for the expensive and 
imperfect plan now in vogue, namely their absorption by means 
of lime in the purifiers. His experimeilts were carried out on a 
small scale, and though they tended to show that the compounds 
of sulphur and carbon were reduced, yet they were not reduced 
sufBciently to enable him to use the process as a means of comply- 
ing with the stipulations of the Act of Parliament under which 
he worked. Perhaps if his trials had been made upon a larger 
scale different results might have been ol>tained. But he had 
seen working results made in other places confirming the opinion 
he had formed, which was, that the compounds of sulphur and 
carbon could not be brought down to his margin by the process, 
namely to a maximum of '20 grains per 100 cubic feet of gas. 
There was no doubt that, when the coal was limed, less duty was 
thrown upon the ordinary purification of the gas as now carried 
out, but it became a matter of calculation whether the results 
obtained paid for the means adopted in obtaining them. An 
intimate mixture of the coal and lime appeared to be necessary, 
and Professor Wanklyn had drawn attention to that point. In 
his trials he had no means of effecting such a mixture, but he 
believed it was to a great extent obtained at Tunbridge Wells 
by the adoption of West's charging apparatus, with which it waa 
necessary to reduce the coal to a fine powder. He understood 
Professor Wanklyn, in giving some comparative analyses between 
the sulphur contained in limed and unlimed coal, to Btat« that 
the results were obtained by what was known as the Harcourt 
test. He (Mr. G-andon) had no faith whatever in that test for 
obtaining absolute indications of sulphur. He had found it 
entirely unreliable some years ago. At times the results it 
gave agreed with those obtained by the ordinary tests for ascer- 
taining the amount of sulphur left in the gas, and at other 
times they were completely at variance. He should like to 
know whether any experiments had been made with what might 
be called the referee's test, or any other ordinary test for ascer- 
taining the amount of sulphur in gas. He understood that from 
the experiments made at Tunbridge Weils, it was claimed that 
an oxiile of iron purifier would run for a very long time, some 
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twelve or thirteen montha, without requiring to be changed, 
and tliat that was due to the Cooper liming process. He 
thought there was some little misunderstanding, that a certain 
amount of air was, he believed, passed in with the gas ; and 
they all knew that, if 1 or IJ per cent, of air was passed 
iD, it had the effect of revivifying the oxide, and tliereibre 
if sufGcient air was passed, the purifier would last for an almost 
indefinite period without requiring to be turned out. In fact, 
it only required to be turned out when it got so called together 
that the gas would not pass through. He thought that might 
to a certain extent account for the long duration of the purifiers 
at Tunbridge WeUs. It also occurred to him, although he had 
had no means of proving it, that the admission of air might 
have had something to do with the increase of ammonia. Air 
was composed of oxygen and nitrogen, and if the oxygen was 
absorbed by the sulphuretted hydrogen, a certain amount of 
nitrogen would be set free which might possibly combine with 
the other elements in the gas to form ammonia. He merely 
put this forward as a suggestion. He felt certain if gas 
engineers could satisfy themselves that by the mixture of lime 
with coal the process of purification could he relieved of the 
many onerous and difficult operations now connected with it, 
they would adopt the process with the greatest satisfaction. One 
thing which rather cooled his ardour with regard to it was, that 
he found the admixture of the h'me with the coal formed a flux 
which had a very serious influence upon the durability of the 
furnaces, hut perhaps that would not be the case when the coal 
and the lime were more intimately mixed, 

Mr, Aethue Mead said that he had the privilege of being 
present at Tunbridge Wells a short time since when the 
purifier of which so much had been said was opened. 
He was informed as to the quantity of oxide put into the 
purifier, and he was much astonished at its increased balk 
when it was opened. It had occurred to him, and doubtless 
to many others, that the result might have been due to the 
mixing of air with the gas, and he then questioned Professor 
Wankiyn on the subject, and suggested that the length of time 
which the purifier had lasted was due mainly to the admission 
of air, as Mr. Gandon bad just suggested. Professor Wanklyn's 
reply to him was that the quantity of sulphuretted hydrogen 
in the gas had been so much reduced by the mixing of lime 
with the coal in the retort that they were enabled, by using 
a very small proportion of air, to neutralize the efl'eet of the 
sulphuretted hydrogen in the purifier so that it lasted a very 
long time. If 2 or 3 per cent, of air were mixed with 
the gas, as might be required with the ordinary process of 
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manufacture, the illuminatinf^ power wouM be so much reduced 
that the gas would be priwitically useless. Mr. Gandon had 
asked a question which he (Mr, Mead) sliould have himself 
asked with reference to Harcourt'a test. In Mr. Harcourt's 
instructions for using his test, after they had ascertained the 
quantity of sulphur contained in 100 feet of gas, they were 
told to add 7 or 8 grains more for other compounds of sulphur. 
He should like to know whether those other compounds were 
included in the quantities which Professor Wanklyn had put 
before the meeting. 

Professor Wanklyn said tliat such corrections were not 
made. 

Mr, Mead added that he had been very much interested in 

the process. Referring to the remark made by Professor 

Wanklyn, viz. that by the adoption of tiie Cooper Coal-liming 

Process the proviDcial companies would be enabled, without in- 

■■ oan-ing additional expense, to raise their standard of purity &c., 

l-tothatof the London companies, he (Mr. Mead) being connected 

■■.with some proyincial companies, was of opinion that the pro- 

\ Tincial gas companies would not take second place to the London 

I companies in that respect. 

I Dr. Pole said that the Metropolitan gas referea^, of whom he 
rwas one, were much interested in all matters relating to the 
I sulphur in gas, and he could answer for his colleagues that 
I the process which had been explained would haye their atttn- 
I tion. He regretted he was unable to add anything to the 
I discussion, as he had at present no knowledge of the process, 
I except from what he had heard and read. 
I Mr. William Fox said that he had seen the process in use 
I at several gasworks, and had paid particular attention to the 
I Bubject of fluxing. It was well known that sulphide of calciam 
1 was present as one of the constituents of the ash of limed coke, 
I and that a flux would be readily formed of it, but not with the 
L oonstituents of the brickwork. In order to have the flux 
I formed it was necessary to have an intimate misture of the 
I. material forming it, such a mixture was not obtained between 
the brickwork of the furnaces and the sulphide of calcium 
present in the coke, aud, in preference, tlie sulphide of calcium 
simply fluxed with the coustitueuts of the aalies of tlie coke. 
He thought any one who understood chemistry would see that 
I an increase of ammonia must take place in Cooper's process. 
I At the same time the probabilities were that there should be 
I an increase in the amount of carbonic acid gas, but the evidence 
I at pi-esenfc was that the illuminating power was not altered. It 
I would therefore be interesting if some information could be given 
l.as to whether any richer illuminants were given off during the 
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distillation of the limed coal than during the distillation of | 
ordinary coal. f 

Mr. ScHONHEYDEK aaid it Beemed lo be most important that I 
the coal and the lime should be mix^d thoroughly, and Pro-i 
feasor Wanklyn had stated that if tliey were bo mixed the 
sulphur would be almost entirely eliminated from the gas. 
He believed that the lime was sprinkled over the coal in some 
way or other. It appeared to him that the only way in which 
an intimate mixture could ba produced was by grinding both 
the coal and the lime Ht the same time, and allowing them to J 
issue in streams and mix together in the proper proportionB-.l 
For use in Mr. Cranipton'e coal-dust furnace the grinding ofB 
the coal into duat had been accomplished at a cost of a very W 
few pence per ton. 1 

The Chairman said he had availed himself of an opportunity 1 
to visit the Tunbridge Welia Gasworks about two monfha ago. 1 
They were by no means small works, but were capable of carbon-l 
ising 10,550 tons of coal per annum, which was equal to a yield I 
of 110 million cubic feet of gas. The coal used was of an] 
inferior character. It waa New Pelton coal, and he noticed there I 
was a great deal of slack in it. The coal and lime were mixed! 
in the proportions stated by Professor Wanklyn, which wereJ 
half a cwt. of lime to one ton of coal. They were first roughly^i 
mixed by hand aod fed into a pulverising machine consiatingfl 
of a pair of toothed rollers, whicn ground the materials rough>l 
fine. From the mill they were elevated to receivers placed'! 
inside the retort-hous& It was then drawn into West's! 
charging machines as required for charging the retorts. Thai 
result of the liming procces was to make a great difference in 1 
the quantity of sulphur which was present in the gas. The pro-1 
cess hinged upon the fact that the lime was used at the com- 1 
mencemeut of the process instead of at its close. He had had! 
the opportunity of examining the coke, and ao far as he could I 
judge it had no trace of lime in it. He was not aware that j 
any damage had been done to the furnace-bars, and he believed I 
he should have heard of it if it had existed. There was no 1 
doubt that when the coke thus produced was burned it did not 
evolve sulphur. He had had an opportunity of testing that fact 
by afire in the ofEce at the Works. He examined the prodacts 
of combustion, but could find no trace of sulphur in them. He 
understood that it was thrown down with the ash. As to the J 
question of the gain in ammonia, he saw the process of manu-sT 
facture carried out at Tunbridge Wells. The company made^ 
their own sulphate of ammonia and effected an absolute gain,! 
which, he believed, was shown by tlieir accounts to be no lesft! 
than 30 per cent, above the ordinary process. Profeaaoi^ 
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j Wanklyn had observed that if the coal and lime were more 
f intiraately blended by means of more refined machinery a still 
I better result might be obtained. That method, however, would 
I be attended with some extra expense which might vitiate the 
I profit. At the same time it seemed to him that it could not 
[ detract from the value of the invention, which, as far as he had 
I "been able to learn, had perfectly succeeded in ridding gaawotka 
I of one of the greatest nuisances which they had to contend with, 
laraely lime-purifiers. 
Mr. B. P. ypiCE said he had hoped he should have heard 
I much more advanced against the process than he bad heard 
f that evening. He concluded that there was nothing more to 
I be said against it than had been said. There was, however, a 
I great deal to be said upon tlie eubject. The process was 
^introduced to his notice by the patentee, Mr. W. J. Cooper, 
■-and he promised to look into it. Tlie difficulty which presented 
I Itself was the mixing of cofll with lime in a retortr-houae. He 
■ felt that such a method would be against the grain of his 
I brethren in the gas-manufacturing world. He did not then 
[ quite see his way to making soch a mixture, as it was nn- 
[ orthodox, and he felt that it would be unpalatable to gas- 
I makers. However, after reading the papers which Mr. Cooper 
\ left with him, be could not help seeing that there was some- 
I ihing in the process, and in discharge of his duty as Consult- 
I ing Engineer of the Tunbridge Wells Gas Company he deter- 
P-imined to try the process on a practical scale at the Tunbridge 
J 'Wells works, provided the directors would sanction it. He 
I 'obtained the consent of the directors on condition that he should 
K^ot give up the control of the works to Mr. Cooper, or to any- 
Wlmdy else, and that he should be at liberty to put an end to the 
' aperiment when he chose to do so. He was then just about 
pjing to Madeira, and he left Mr. Cooper and Professor Wanklyn 
carry out their experiments at Tunbridge Wells in conjunc- 
tion with his representative, Mr. Dougall, the manager of the 
Works. After an absence of two months he returned to the 
works, and examined what had been done, and though he was 
ftertainly agreeably surprised, he could not say that he was 
entirely and conclusively satisfied. He wanted to ascertain 
Srhat the sulphur compounds were at the time the experiments 
"were commenced, but he found that no observations had been 
ide on that subject for several months before the experiment 
(fith the liming process commenced. In consequence of that, 
'iie old process was resumed, and observations were taken as to 
mlphur compounds, and these were found to jump up immedi- 
rtely to 26 grains. The second dose which he gave the purifier, 
i(y sending forward all the products of the distillation, instead 
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of siresting the BulphnretteH hydrogen in the jetorts, so goiged 
the contenU of the oxide purifieis that he was Dot ahle to get 
back to the very satisfactory state of thio^ which existed 
before the old process was resumed. A correspondence bad 
taken place between himself and one of the Gaa Referees, 
Hr. Vernon Hareourt, and as the result of chemical knowledge 
of the highest class, that gentleman had compated that five- 
nisths of the sulphur contained in the crude gas was arrested 
in the retort by means of the liming process, and therefore that 
only one-sixth of the impurities were left for the purifier to 
deal with, and it was a very singular fact that that scientific 
deduction of Mr. Vernon Harconrt's corresponded with hi» 
(Mr. Spice's) practical experience at Tunbridge Wells. At 
those works there were six purifiers 20 feet square ; equal to a 
make of 200 million cubic feet per annum. Fire of the six 
had been used for purifying the gas by the ordinary method, so 
that the quantity might be within the requirements of the 
London Gas Referees, although the Company was under no 
obligation to maintaia that high standard of purity. In 
establishing and carrying on the Tunbridge Wells works, he 
determined the work should be done in the best possible way, 
and to supply gas as pure as it could be manufactured. The 
gas did not contain more than ten or twelve grains of BQlphnr 
compounds in the 100 feet. After the liming process wa» 
introduced they used only one purifier out of the six, instead 
of using five of them as formerly. That showed that their 
practical experience corresponded with remarkable nearness to 
the scientific deduction of Mr, Vernon Hareourt, for, according 
to the experience which had been obtained at the Tunbridge 
Wells works, the liming process got rid of four-fifths of the 
sulphur impurities, while according to Mr. Harcourt's theoretical 
conclusion, it would get rid of five-sixths. That threw a flood 
of light upon the remark which Mr. Gandon had made with 
regard to the vitality of the purifiers continuing so long. He 
wished to assure Mr. Gandon that the difference was not due to 
the 1 per cent, c^ air which he seemed to think worked such 
wonders. At Tunbridge Wells, they worked without any 
air at all for the first three months, but previously they 
were only able to work for ten days in winter without air on 
the old plan ; that was to aay, they formerly had to change the 
oxide of iron purifier once in ten days, whereas they were noi ~ 
able to use it tor ninety days in mid-winter, and perhaps the^ 
might have used it without air for a much longer perioi But 
they found by a mere accident that, in consequence of some air 

fetting into the apparatus, double the quantity of sulphuretted 
ydrogen was arrested, and hence less went on to the second 
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pnrifier. Professor Wanklyn at once said " This can only be 
accounted for by some air getting in." Mr. Pougall and 
Professor Wanklyn then consulted and agreed to measure a 
little air into the purifier. They first tried i per cent., and 
then they tried 1 per cent., and the effect of the latter quantity 
was to do what he (Mr. Spice) had just described, for about 
98 per cent, of the sulphur whicn came to the inlet was arrested 
within the purifier, and from that time to the present, whatever 
quantity of gaa has been manufactured, 1 per cent, of air had 
been passed by measure through the inlet of the first purifier, 
and that had enabled them to go on doing what they had done, 
which was, to work for eleven months through one purifier, con- 
tinuously, without changing it. He would say to his gas friends, 
" Try 1 per cent, on the old system, and see where it will land 
you, and observe whether 1 per cent, of common air will enable 
you to meet the requiremente of the Eeferees." One per cent, 
of air would cause oxidation to a certain extent, but for oir to 
do any good in oxidising in situ, the 1 per cent, must be 
multipliea by three or four, and that would bring the illumi- 
nating power down so low that the use of such a lai^e quantity 
of air would have to be abandoned. Common air would not 
make the gas which the consumers wanted. He would say in 
the face of the gas world, that without the liming process for 
arresting five-sixths of the impurities, as was done in the retort, 
no amount of common air would put them right or keep them 
going. If they used air enough to re-oxidise the oxide of 
iron within the purifier while the gas was passing through it, 
they would bring down the illuminating power. Mr. H. P. 
Stephenson, the Chairman of the Crystal Palace District Gaa 
Company, before a Parliamentary committee in 1877, said, 
" No process has ever been brought to our notice by which we 
could discharge the sulphur from the gas without creating a 
nuisance. If it had been, we should have adopted it, unless it 
was at an enormous expense." Those were his words in 1877. 
He (Mr. Spice) now found from a recent report of this Company 
that its directors are waiting for universal approbation, before 
adopting a process involving no expense, but affording consider- 
able additional profit, and pure gas, without committing a nui- 
sance, that is by abolishing the lime-purifier, and not having to 
open the oxide-purifier. In eleven months, at Tunbridge Wells, 
they had purified 101,627,000 feet of gas as efficiently as London 
gas was purified, at a cost for revivification of only 31 He had 
asked the manager of the works to inform him what was the 
cost of emptying the purifier, which had been opened in the 
presence of a number of scientific men, and of revivifying 
the oxide and recharging the vessel. The answer was that the 
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entire operation cost 3/. Now, on the old plan, purification 
would coBt a penny per 1000 feet, and this would be 423?, 8s. lid. 
Tlie iaterest on plant required in excess of that which would bs 
ample forthe coal-liming process would amountto another penny 
per thousand, amounting together to 846/. lis. lOd. He gave 
those figures on the authority of the evidence given by Mr.' 
George Livesey, of the South Metropolitan Gas Company, in 
his examination before the Parliamentary committee on the 
Maidstone Gas Bill. The cost of reviviiying incurred at 
Tunbridge Wells was only 3i Tbe cost of the lime used iu 
the retorts not recovered in the sale of coke was 371. 10s., 
making together 40/, 10s. That was all it would cost to do tbe 
purifying at the Tunbridge Wells works by the aid of Cooper's 
Coal-liming process. That sum deducted from the 846/. 17s. lOd. 
showed a saving of 806/. 7s. lOd. upon the 101,627,000 cubic 
feet of gas manufactured. That was a saving which could be 
effected upon that quantity of gas, aud this if applied to the 
quantity of gas made by the Metropolitan companies would 
amount to about 166,000(. Gas purified by oxide of iron only, 
as it too commonly was, contained from about 30 to 40 or 
more grains of sulphur in 100 feet. According to the 
report of the official examiner for the local authority at Tun- 
bridge Wells, for the week ending the 30th of October (four 
days previously to the present meeting), the illuminating power 
of the gas was equal to 14 -47 standard sperm candles. The 
sulphur per 100 cubic feet amounted to 11 '23 grains, and the 
ammonia was nil. So far those figures related to the questioa 
of purification, and he (Mr. Spice) had shown a saving of 
806/. 7s. lOd. in that respect. He would refer, in conclusion, 
to the protit from sulphate of ammonia, and that, by reason of 
33 per cent, more being obtained than by the old method of 
carbonising, was the same at the present low price as at the 
prices which were ruling in 1882. Begret had oeen expressed 
by gas companies, and by corporations which made their own 
gas, on account of their profits having been seriously reduced 
by the diminution of the price of sulphate of ammonia, which 
was now worth only about two-thirds of its value in 1882. But, 
as a consequence of one-third more sulphate being produced by 
the coal-liming process, the former state of financial prosperity 
in that respect would be restored to every gas company that 
would adopt the process. He was sorry to say that he found 
great prejudice against the process, and it had been said that he 
was riding a hobby in this matter, but he would uuhesitatingly 
assert that if gas-makers would mix 2^ per cent, of lime with 
the coal before putting it into the retort, the lime having been 
slaked with its own weight of water, they would find out that 
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he had spoken nothing hut the truth ae to the value of the 
process. He hoped that he should have opportunities of seeing 
yery much more doue in the way of the application of the 
system, for he knew that it was a right one, a profitable one, 
and a good one, and he knew that it was one which before long 
would prevail, and be hailed as a benefit of eo small magnitude 
both aa regarded economical and sanitary considerations. 

Professor Wanklyn, in reply, said, that a question had been 
asked about the method by which the Vauxhall figures were 
obtained. They were obtained by Harcourt's process, and the 
figures which he had placed before tlie meeting were the uncor- 
rected figures, that was to say, the figures as directly read off. 
There were many hundreds of them. The Harcourt process waa 
a very convenient one, and it could be applied in cases where 
the other process could not be applied. The Harcourt proeeHS 
was resorted to in this instance because there were small quan- 
tities of gas. He waa quite aware of the defects of the process. 
On other occasions they had tried the Keferees' process, and 
hundreds of experimente had been made by it. For his own 
part, he was not even satisfied with the Eeferees' process, and he 
believed that it failed occasionally. It took the sulphur 
compounds, and converted them into sulphurous acid, and then 
the experimenter trusted to chance to convert the sulphurous 
acid into sulphuric acid. It generally happened that traces of 
oxide of nitrogen were formed during the combustion of ordi- 
nary flames. If it were not for that, the Referees' process would 
always fail lamentably. He believed that it always failed to 
some extent, and sometimes totally. In consequence of that he 
had been led to devise a process which could not by, any possi- 
bility fail. He used an oxidising material. Instead of using 
carbonate of ammonia he used iodine, and so he could not fail to 
oxidise all the sulphurous acid. He .was pleased to find that 
the late Mr. Keats had resorted to such a process. It was a 
very obvious thing for a chemist to apply an oxidising agent 
in a case of this kind, and the extraordinary thing waa how the 
Eeferees could have gone on for years without recommending an 
oxidising agent. At Tun bridge Wells, in addition to tlie 
oEBcial testings, there were testings by the iodine process. It 
was the severest and most trustworthy method of determining 
the sulphur compounds. Ever since the Cooper process came 
out, the patentee and those associated with him had been under 
certain temptations to ascribe to the process things that it did 
not do. One of the earliest things they noted was that in 
ordinary gas-making a great deal of the ammonia that was 
present was lost. The reason why such irregular results had 
been obtained was the loss of ammonia, and the defective way 



in wUcfa tl>e Bqoor vis dnit with. Hr. Cooper was nnder 
■one tesipbUim to lake tha etedit not oolj of extra anusonta 
pndHeed hf the Hae, bat of a fbrther inemse of ammonia 
ooe to better ooOectioB. He (Mr. Cooper) had, howerer, 
fiaa the b^mtiBg, steadily wained gas-inalDeis that part of 
the increase of the ammooia which would ultimately be got 
woold be dne to better working. In ordinarr gas manofactare, 
5 or 6 IK of ammonia were obbuned per ton of coal. He 
(the speaker) beb'ered that, bj tbotun^ liming and excellent 
workings frtnn 12 to 15 IK of ammonia per ton woold be 
(drtained, bat that bad oerer been obtained as yet. There was 
at present a gain of from 30 to 40 per cent., which he believed 
was dne essentially to the Cooper process, bnt there was room 
for better preservation of the ammonia. He had made in- 
qoiries as to what had been done with regard to admitting air, 
and be had fonnd that for the last twenty years, at intervals, 
Tan'ooa gas manufacturers had admitted atr into gas, but meet 
of those that had done so had abandoned the practice. Pm-i- 
fication in closed vessels was not the result of the admission of 
air into ordinary erode coal-gas; bnt if they had gaa from 
limed coal, and they admitted a proper quantity of air, theo 
there would be purification in closed vessels, and they might 
not only make one purifier last for a number of years, and go 
on having sulphur accumnlate in it, but they might actually 
dispense »ith the use of any catch purifier. It was perfectly 
true, as Mr. Gaudon understood, that if a httle air was admitted 
the purifier might be made to last for years. But if that was 
done nith the ordinary gas they would use up the p^ifiers that 
were in front, tthat they had done at Tunbridge Wells was to 
make the first purifier last without usiDg up any catch purifier 
whatever. The contents of the piirifier that were thrown out 
on the 16th of last month had been revivified. One-half (viz. 
about 15 tons) had been pot back into the purifier, in two thin 
layers, the lower one of 6 inches, and the upper one of 12 
inches. The proper quantity of air was admitted, and the gas 
as it escaped was perfectly &ee from sulphuretted hydrogen, 
and the purifier would go on for two years at least, The use of 
the catch purifier was simply a measoxe of precaution ; and the 
difierence between this process and the working with ordinary 
gas, was that they mignt make purifier number one go on 
tasting, without entailing the exhaustion of purifiers placed as 
catch purifiers. When the single purifier accomplished all the 
work, and went on, lasting for two years, it was not a purifier in 
the ordinary sense of tlie word, but it was a dry scrubber. At 
Tunbiidge Wells the purifier bad given place to the dry , 
Bcnibber. 



IJOOPSB^S OOAL-LIUINa PBOOESB. 183 

The Chaiemak, in closing the discussion, said that only one 
speaker Lad said anytliing against the process, and the objec- 
tions which that pentlemun (Mr Gandon) had made were of a 
limited and qualified nature. Mr. Gfandon said he had tried 
the process and had not succeeded, but he admitted that he 
tad only tried it experimentally. But even so far Mr. Gandon'a 
experience was a testimonial in favour of the process, for he 
found a sensible reduction iu his sulphur compounds. Had he 
introdnced it at bis works on the same scale on which it had 
been -carried out at Tunbridge Wells and in the same thorough 
manner, be (tjje Chairman) did not know why Mr. Gandon 
should not have succeeded in exactly the same manner as they 
had at Tunbridge Wells. No doubt he would have done so, 
unless tiiere were peculiar and antagonistic conditions at 
Mr. Gandon's works. On the other band, the meeting had 
beard Mr. Spice's forcible remarks upon the merits of the 
process, and his assertions and statements had not been in any 
way questioned, much less contradicted ; and the meeting miglit 
take it for granted that the results were as laid down by 
Mr. Spice from bis experience of a year's working at Tunbridge 
Wells. In fact the Cooper Coal-liming Process, as carried out 
there, constituted a marked step in advance upon the usual 
practice of gas-making. It was, moreover, one which appeared 
to be of the greatest value to gas companies, especially those 
vithin the Metropolitan area. It occurred to him (the 
Chairman) that the position of the Cooper Coal-limtng Process 
was in many respects analogous to the position which was once 
occupied by tne Thomas-Gilchrist process for eliminating 
phosphorus from steel. For several years attempts were made 
to bring forward that process. At a meeting of the Iron and 
Steel Institute held in Paris in 1878, the question was as fairly 
jfurked as ever any question was. There was doubt about the 
process and prejudice against it on the part of many of the 
leading ironmasters and steel-raakers, although some few 
believed in it. But in 1879 a paper was read by Mr. Thomas, 
and the merits of the process were quickly recognised, and it 
eoou received a considerable amount of support. It was first 
warmly taken up in Germany, where the manufacture of steel 
npon the Thomas-Gilchrist principle was speedily entered 
upon. Ultimately the process was tried in England. That 
was in 1879, and that year might be regarded as the startmg- 

Kint in the application of tlie process. The progress soon 
oame so rapia that in 1883 the total output of basic steel as it 
I Vas termed, in contradistinction to that made by the acid process, 
■was 634,373 tons. As he hatl observed, there seemed to be a 
vTery close analogy iu this respect between the two processes. 
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From what he had seen at Tunbridge Wells^ and from what he 
had heard that eyening, he thought there was a future for the 
Cooper Ooal-limiug Process as great as there had been for the 
Thomas-Gilchrist process. He would thank Professor Wanklyn 
on behaK of the meeting for his paper. It had excited a great 
deal of interest The process was new to many of the Members^ 
but he trusted it would soon become well known to all. 
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^H ABTHUK EIGJG, Phbsident, in the Chair. 

^f THE BLOWPIPE -FLAME FURNACE. 

^P By a. G. Exgert. 

The importance of the question of the defects of steam-boilers 
as regards corrosion, pitting, and incrustation, has been very 
clearly demonstrated during the year wbicli is now nearly 
closedj by the attention which engineers and men of science 
have given to the subject, and by the papers which have been 
read before the various scientific societies with respect thereto. 
The proposed remedies for these defects are far too numerous 
to be stated by the author, but he proposes to glance at some 
of the chief of them as given in papers read before various 
professional societies. 

The first paper for notice is one which was read on 
February 27th, 1884, before the Society of Arts, by Mr. 
Swinburn King, on " The Causes of Corrosion, Pitting, Incrus- 
tation, and Explosions of Steam Boilers." In this paper the 
author stated tnat the latter might be caused by the Ibrmer. 
He gave some particulars respecting the committee appointed 
by the Admiralty, which sat from 1872 until 18S0 to inquire 
into the causes of the decay of marine boilers, and which 
committee gave an elaborate report, but did not arrive at any 
satisfactory conclusion. Mr. William Weston, the chemist to 
the Admiralty at Portsmouth, a member of that committee, 
continued bis researches, as some boilers had to be removed, 
owing to corrosion, after three or four years' service, at ■ cost 
of 50,000i. This gentleman, after trying zinc plates, finally 
adopted the plan of attaching a zinc ball to the top of 
the boilers of the Royal Navy, the ball being connected by a 
copper wire to the sides and Mttom. The invention is that of 
Mr. Hannay, of Glasgow, who found that certain parts of the 
boiler were exceedingly hot, and other parts were kept very 
cool by the blast of cold air. Tbis produced a galvanic action, 
the great heat at the t^ of the furnace or firebox causing this 
part of the metal to differ entirely from the other parts, and to 
become negative, whereas colder parts become the positive pole 
and waste away. In other words, pitting and corrosion set in. 



To coDDtenKl Aa, a tiae ball vaa pboed at the bop in the 
boiler, and wins aoUoed to the side and bottom plates, and 
thi* reretaei the actioo. Ue line ball beeoraes the podtire 
fak, and wasting away and pittiag oeaw as loi^ as uiere ia 
sine and the GODDeetkn bolds good. Thi» important [verentiTe 
meaanie is now gmezally adi^ited, and this new accepted bj 
most arienlifa meiL Bat this extai»dinBf7 aetioa is oot the 
only restdL Eleetnct^ is deoompoatog a small quantity of 
water in the boileT the hydrogen of wladi is erulTed ' 
ne^tive pole, or the iron of the faoiler; and wbeiere 
any settlement or scale, it is fixoed np from the plates wbenen 
there is sufficient hydrogen aocomnlatcd, bo that the daog^ Q 
bnroing tfae plates is entirely avoided. 

The next paper, on boilos, was read on March 3rd, before tl 
Society, by the snthor, in which he described a sewly-desigm 
boiler baring two flat fla@ with Tertdcal tnbes and gi 
heating sarface, Uioa preventing priming, short slanting i 
bars, no ashpit, and having a feed-water heater, to extract s 
and settle all solids of carbonates, &c., so that almost pni^ 
boiling water is pumped into the boiler, which was shown b ' 
independent reports to evaporate as mnch as 11*3 Ib^ and h 
another test 11 -85 lb. of water per pomid of coaL The watt 
was raised from 81° Fahr., and the steam formed was as dry s 
if superheated, on acconnt of the high Bteam-space in the boilei 
It had, moreover, only from 3 to 4 inches of watOT on 
the large flat flne, so that no convnlsive force was required 1 
penetrate a deep column of water for the steam formed ov« 
the plate to rise. The steam rises quite easily without foreiD| 
up water, whioh would canse priming. In this boiler 
circulation is bo great that no scale can be formed in i 
vertical tubes, only a little whitish mud being tbund on the t 
of the flat flue, and which is washed out by water. No nneqv 
expansion exists, and as there is no ashpit the whole boiler i 
bricked in and produces no smoke. As no cold air can get into 
the furnaces, galvanic action cannot take place, as there is very 
little diflerence in temperature in this boiler, so that the plates 
are preserved and many dangers avoided. Since the eQth(n~ 
rend that paper he has made a vertical boiler on the be 
principle, or rather two sections of a vertical boiler connet 
together by vertical tubes, and in the firebox of which i 
outside plate is bolted to the two seetious, the firebox beiq 
lined inside with firebricks. Tiiis produces a rapid circulati<q 
of the water by reison of the vertical tubes and the large flaj 
part of the top section of the boiler over the fire, which allowi 
a large space for the steam. The author believe this is I 
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first vertical boiler to produce thoroughly dry steam, there 
bein" only 4 or 5 inohea of water over the firebox. On 
the Back of the firebox there is a water heater to drive out the 
air and to settle the eolids at the bottom, the heated water 
being forced into the boiler by an injector, 

Oa April 3rd, at the Institute of Naval Architects.'Mr. James 
Howden read a paper on the combustion of fuel in furnaces 
by natural drauglit and by supply of air under pressure. Mr. 
Howden stated that the trials were not quite complete, bat he 
observed that forty years ago in Cornwall an evaporation power 
was obtained of I2-89 lb. of water per lb. of coal from 212° 
Fahr., but that now not more than 6 lb. of water could ba 
evaporated from a Cornish boiler on account of the forced 
draught He tried to prove that with a natural draught great 
economy was produced aa better combustion was the result. 
There was no surplus air to be wanned, and less heat was sent 
away to the chimney. He states that the fan-blower has not 
been successful, except in locomotive boilers used in torpedo- 
boats, but that the marine boiler has been worked^ more 
successfully by the air pressure in the stoke-hole. Still it has a 
tendency to injure the boiler, as a column of cold air supplied 
at the rate of from 8 to 10 cubic feat per second must be 
detrimental, and he observed that Mr. Hutler had stated that 
after several hours' trial many tube-plates became leaky. He 
then described a marine boiler of his own in which the ashpit 
and every part of the boiler is well closed in so that no cold air 
can enter anywhere except by pipes from a fan into the 
enclosure, in which the air gets warm, and is admitted partly 
into the ashpit and partly above the firebars. In this way 
Mr. Howden claims to have gained great results, but Mr. Parker, 
who had seen Mr. Howdeu'e boiler at work, doubted if he could 
reach at once the 50 [>er cent, economy which he claimed. Mr. 
Wright, Mr. Bryce Douglas, and Mr, Marshall all questioned 
the anticipated result. 

Before leaving Mr. Howden's paper, the author would quote 
the following statement from Engineering, for October 2-ith, 
1884;-— "Forced draught for marine boilers. — Within the last 
few days there has been tested on board a steamer on the 
Clyde, and with unqualified success, the system of combustion 
in Btram-boilers patented by Mr. James Howden, as above 
described. The statements which were made by Mr. Howden 
in his paper are, however, we are informed, fully corroborated 
by the result. The New York City is a vessel of 175i tons 
gross, and was built at Htocklon about five years ago. She 
has recently been re-boilered by Mr, Howden. Her original 
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boilers were donble-ended, fitted with foar fomaces, 

3 feet 5 inches diameter, and having an aggregate firegrate* 
area of 75 square feet. )tr. Howden fitted the vessel with 
eingle-eDded boilers, having only three furnaces, each 3 feet 

4 inches diameter, and an aggr^ate firegrate area of 36 square 
feet The reeolts of the trifd made on the Clyde, shortly stated^ 
are as follows: — The forced draaght easily maintained, am 
higher pressure of steam than that produced in the natura 
draught Doilers; the engine ran od an average of three rerolai 
tions more per mionte. The consTuuption of coal was 9 cwf 

£r hoar against an average at sea of 12j cwt. for the natc 
lugbt boiler." 

On August 6th, at the meeting of the Institution of Mechani- 
cal Engineers held at Cardiff, a j^per was read on the corro- 
sion of marine boilers by Mr. J. Henry Hallett. The author 
oheerred that steel boilers were equally liable to corrosion as 
iron ones. Serious corrosion was often found eoncealed by a 
very slight scale, which, upon removal, showed the plate to be 
covered with a black substance, probably a black oxide of iron. 
The principal causes of corrosion are twofold, defective deeig 
and mismanagement. The most frequent fault was stated to fa 
want of space for thorough examination of the interior; th 
tubes were often placed too far out in the wings, and the mai 
holes were too smalL Double-ended boilers, the writer ok 
served, were especially liable to suffer from racking strain dm 
to the difference of temperature between the upper and lowei 
parts, and he thought frequent pumping np and blowing partlfl 
down when the engine was sliding kept his boilers in goool 
order. New boilers, he said, ought to be well washed ou^ 
before being filled, and when boilera were put out of work they 
should be blown out to the bottom and kept quite dry. Corro- 
sion in the upper part of the boiler, Mr. Hallett said, was prin- 
cipally caused by the introduction of grease from the engine. 
He said he had discarded the use of lubricants in the cylinders,^ 
and had tried various methods of preventing corrosion ; amU 
found Hannay's electrogen very effective. He thought ciieula^l 
tion of the water was of the greatest importance. That papei 
gave rise to an important discussion, in which air in water wat 
mentioned as being very destructive. 

Many experiments with forced draughts have been mad9, a 
that system is now in practice, and many articles have beet 
written both for and against it. One thing, however, is quit^ 
clear, and that is that forced draught causes a great waste of^ 
fuel, and is no doubt very destructive to some parts of the boilei 
BO forced. A torpedo-boat, built by Messrs. Thomeycroft, wa« 
tried m January 1880, the following being the results : — 




Messrs. Yarrow & Co. conducted some trials with torpedo- 
boats in January liist. Burning 15 cwt. of coal per hour, they 
found that the resistance to air-pressure waa 1 inch in passing 
through the fuel, and 3J inches in passing through the tubes. 
The heat in the funnel and the great amount of stnoke with its 
inviaible gases alone would show the enormous waste going on 
in the furnace, besides which there is the wear and tear of the 
boiler and tubes. In locomotives a great waste is also going 
on. From 60 to 100 lb. of coals are burnt per square foot of 
firebars per hour, and complete combustion, especially in the 
marine boiler, is quite out of the question, as there is no time tor 
the proper development of the flame and heat. Much less is 
there time for the heat to penetrate the metal for the formation 
of steam, and if means could be fonnd to produce the required 
heat without the forced draught the gain would be very great. 

The author Laving brought before the Members the substance 
of what has been written and said during the present year, and 
having given the different views expressed in connection with 
the subject of the defects of steam-boilers, and the difBculty in 
getting out of coal in the steam-boiler furnace the whole of the 
work contained in it, he will now explain the principle of his 
new. furnace, which from its action he has named the blowpipe- 
flame furnace. In designing this furnace, economy in fuel 
and the preservation of the boiler have been his chief objects. 
Fig. 1 of the diagrams shows a front view of the boiler half in 
seution and half in elevation, whilst Fig. 2 is a part longitudinal 
section. From the drawings it will be seen that the I'urnace 
has sloping firebars, on the back of which is built a raised fire- 
brick embankment some 3 feet 6 inches long; behind this is a 
dust pocket about 3 leet long, and then comes the ordinary 
bridge. In the front of the furnace is a shallow cast-iron box 
in which hangs a cast-iron plate teaching down to about 1 inch 
from the bottom of the box. The plate has at its lower end a 
few rows of holus or slots, and it may be raised altogether when 
firing is required. In front of the box are doors leaving also 
an inch opening at the bottom. 
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Combustion in nature may be favourable or unfaTOurable- 

In both eases there are degrees, and it is necessary therefore 
to find out the most favourable conditions for producing the 
most complete combustion, and to obtain the highest degree 
of heat with the smallest amount of waste in fuel. A fire 
lighted anywhere will produce a draught; but if a few stones 
are placed so as to form a back to the fire, then the draught will 
be stronger, and at certain points greater heat will be manifest. 
If a passage is then formed under the flre for a short distance, 
and a few more atones are placed in front and connected with 
those at the back, a foot or two high, a furnace is formed 
complete. The air can only enter at the bottom, and the heat 
evolved is confined to a certain apace, which can then be led to 
wherever required without any diminution, except a little ra- 
diation, always supposing that no air is allowed to enter be< 
tween the stones forming the furnace. Such entity would, of 
course, naturally diminish the heat, as part of the heat which 
had at first been formed must go over to the cold air. Besides, 
the various gases are condensed, and form smoke. This being 
a very important point, care ought always to be taken that the 
bottom or grate is well covered with fuel, so that no air can 
enter without coming in contact with the buruiiig or incan- 
descent mass, in order that every particle of oxygen may at 
once chemically combine with a certain yolnme of carbon and 
hydrogen gases to form heat ; and as it is well known that 
nature is very economical, the engineer ought to imitate her, 
and see that no waste of air or fuel be allowed to go on in the 
furnace. The proportionate volumes of gases necessary for com- 
plete combustion are so well known that it is unnecessary to 
mention them here, but a coniparison may bo made with the 
ordinary furnace in use. In France, where the firegrate sur- 
face is in general considerably larger than in this country, the 
ftiel is very thinly and sparingly spread over the bars, so that 
large volumes of air are allowed to enter the furnace without 
roming in contact with the gases of the fueL No\v, what does 
this produce ? Suppose certain volumes of gases create, by 
chemically combining, a heat of say 3000° Fahr. If other 
volumes of cold gases enter which create no heat, then the 
former must give up some of their heat to the latter. Here 
then is a point which must be closely examined. If every par- 
ticle of oxygen could be made use of, then 75 cubic feet, or 
11 lb. of atmospheric air, would suffice to burn I lb. of coal. 
But instead of this, our ordinary furnaces being so badly con- 
Btructed, it is calculated that 150 cubic feet of atmospheric air 
is necessary for the complete combustion of every pound of coal ; 
and the consequence is that only a very small part of the gases 
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enter into complote combustion, and eyen these are soon robbed 
of tlioir lient oy the other cold gases coming in contact with 
thorn. Still this 150 cubic feet of atmosplieric air ia only a 
tii(Kli!rat« quantity per pound of coal. Very often 200 cubic 
feet and more enter the furnace per pound of coal, and in some 
casoa more than -100 cubic feet of air per pound of coal is driTen 
through the furnace, as in a torpedo-boat. There certainly may 
be Botue 3000° Fahr. iu the furnace and some 1400° Fabr. in 
tlin funnel, but at what waste of fuel, and at what destruction 
material and power, is thb accomplished ? 

Out of the uptiike pours one continual dense black smol 
and at night a red tlame is often seen. This black smoke mi 
jierhajra be the least loss, the condensed invisible gases forme 
being mnch greater in amount; in fact, only a small quantil 
nf fuel forced into the furnace is properly consumed, wliich 
]>n)ved by the small quantity of water evaporated per pound i 
coal, which is at the oeat from 5 to 6 lb. of water per pound i 
coal. The ordinary furnace is not much better. Looking inl 
the furnace-door where green coal is burning, the colour ( 
the flame will show the development of heat. At the bottom < 
the flame there is generally a dirty red colour, a little bighe 
red, orange, and at last on the top a yellowish white. This latte 
is well known to contain the greatest amount of heat, bn 
the amount of complete combustion entering the chimney a 
carbonic acid is very small in comparison. The greater portin 
of escaping gases are oxides or condensed invisible gases, ar 
form smoke. On the whole this will show that the combustat 
in the furnace is very incomplete. The yellowiah-white flaii 
from bituminous coals ia giving the highest degree of heat i 
the ordinary furnace, but it is well known that it is by n 
means the greatest heat which can be obtained. By the bel 
of the blowpipe, blowing into a burning coal, a transparei 
ilame may be produced with a tint of bluish or greenish colon 
Tliis flame gives a much greater heat, and it may frequently l 
si-en arising from anthracite coal or good coke. But the flam 
from these fuels is very short, and the heat, therefore, concei 
trated within a small spitce, which is a source of danger to tl 
boiler-plates; and it ia, therefore, no wonder that engineei 
fearing to bum holes in their boilers, do not want any great 
heat, forgetting that the largest part of the sleam in a boiler 
formed just over the bridge, and that on these few feet of plaf 
(he most and the hardest crust is formed from the solids coi 
lained in the water of which the steam has been formed. Th 
o ition of heat ought, therefore, to be avoided at anj 

t by distributing the heat over a much lai^er surface 
<i^ it penetrates to the water and Ibrms steam. 
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^ This result has beeo successfully obtained by the author's 
^ew furnace with a firebrick embankment and bridge, and 
which has the firebars sloping downwards to the front, with a 
proper guide for the air beneath the firebars, as shown in sec- 
tion in the diagram. A guide to the draught will help it to 
flow easy by a gentle sloping course from under the firebars for 
the better combustion of the fuel. It is of the utmost imports 
ance that all corners and obstacles ahould be avoided for the 
proper guidance of draught for the fuel to the top of the fire- 
bars. These firebars have been made to slope downwards to 
the ft'ont, so that the air, entering in front at tne bottom of the 
door, and guided by the slotted plate hanging down within, acta 
on the burning fuel similarly to the blowpipe and produces a 
long, bright transparent flame with a tint of bine or greenish 
colour, which shows that thorough combustion is going on. In 
this furnace no atom of oxygen from below or from the front 
can escape without coming in contact with the fuel and thus 
producing almost perfect combustion. The damper is generally 
one-third open, but this is quite enough for the burning mass to 
draw in the atmosphere by its own gravity, and therefore not a 
particle of air is drawn in more than is actually consumed by 
the fuel, so that the heat once formed by the gases within the 
furnace is retained, and not reduced by a useless and damaging 
surplus of cold air. The slanting firebars have another very 
important purpose, and that is, tS guide the bright flame as 
near as possible to the boiler-plates, and to keep it near the 

filates the firebrick embankment is formed about 3 feet 6 inches 
ong, conforming to the shape of tiie boiler, and leaving only an 
8-inch space at the front end and a 7-inch space at the back 
end between them. At the end of this embankment is a pocket 
or chamber for any heavy dust that may have been brought 
forward by the draught to settle in. Then comes the so-called 
bridge with a 7-inch space between it and the boiler, so that 
the flame, some 10 or 12 feet long, is obliged to remain the 
whole length close to the boiler-plates. Thus the area of heat 
penetrating the metal to form steam is at least four or five 
times greater than in an ordinary Cornish or Lancashire boiler. 
It should be remarked that the air entering the furnace from 
the front at the bottom of the hanging plate is only the small 
quantity necessary for supply to the gases rising from the top 
of the fuel, chiefly after firing when the coals get warm, which 
opens the pores and allows the compressed volatile gases to 
escape in large quantities, to the amount of some 17 per cent, of 
their weight. These gases seldom find the oxygen required for 
their combustion within the furnace, as the air which enters 
through the firebars, and the incandescent fire, has for the most 
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part combined witb the volume of oxygen or hydrogen to form 
combuBtion. It will therefore be seen that a further supply of 
air is necessary for tliese newly liberated gases to enter mto 
combustion. Warm air and a forced combination of the gases, 
as in the present instance, of course produces the highest de- 
gree of combustion. The author would, however, caution steam 
users against allowing the air to enter from the front at the top 
of the furnace, as such air would absorb a great deal of hea^ 
tind would mostly float on the top of the burning gases, being 
raised by the superheated moisture which the atmosphere con- 
tains, and forming a thin layer close to the boiler-plates. Thus 
to some extent the heat would be prevented from penetrating 
the plate and reaching the water within the boiler. 

And here the author may explain why it is that when the 
firedoor is ajar, very Uttio smoke is visible, and that if the 
stoker endeavours to prevent smoke, he leaves the flredoor 
ajar, not knowing either the mischief or the cause and effect of 
what he is doing. The matter, however, ia simple enough. 
The atmosphere requires to exert more force to get throngh 
the bars and the fire upon them, and it therefore enters more 
easily at the front door and produces the entry of air from 
below. The quantity being very small, and no condensation 
taking place, little or no smoke is formed. 

The principle of combustion in a furnace or the combination 
of the gases is easy of explanation. The oxygen leaves its 
companion nitrogen and flies quickly to its more attractive 
friends carbon, or hydrogen. Still it has been proved that when 
some force is used to bring the two gases together a more com- 
plete combustion takes place, as for instance by the blowpipe, 
by which a much greater heat is then obtained. This is what 
tiie author tries to do by the blowholes in the iron plate, at any 
rate he is able to obtain a much greater heat than any ordinary 
furnace has ever produced. A Lancashire boiler 18 feet long 
by 7 feet diameter has generally from 30 to 36 square feet of 
firebars, but by the author's sj'Stem there are only 7 square 
feet of firebars, which are 3 feet 6 inches long and 2 feet wide, 
of which 2 inches are lost on each end, thus leaving only 6 feet 
4 inches square clear. With this small area of firegrate the 
author has been able to evaporate as much as 178 gallons of 
water per hour. The heat on the firebars has often been so 
great that they have melted, and a few small steam-jets have 
been placed beneath the bars to cool them. It appears that 
the air-guide under the bars compels the atmosphere to ascend 
igh the bars, there combining with the gases, the whole 
met from the front by a supply of fresh oxygen, which 
' increases the heat, just as two gas-jets meeting at a 
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»rtahi angle will moreaae the illumiDating power and flame. 
' In the case of the author's famace, besidea increasing the heat, 
the confluence produces an extraordinarily long transparent 
flame. 

It may here be mentioned that when firing, the mass of fuel 
is pushed back, and freah coals are fed into the furnace. The 
heat is then bo great in the furnace that hardly any red flame 
is visible, and hardly a vapour of smoke passes from the chim- 
ney, the damper being left open. The coal used is the com- 
monest hard steam, costing about 13s. per ton. The boiler, 
although of the Lancashire type, ia fired underneath, having 
been set for the purpose of burniog chips and sawdust But if 
this boiler was fired in the two flues the firebars in each flue 
would only require to be 2 or 3 feet square in area, with 
the embankment and bridge as shown in the section. If a 
couple of Galloway tubes were placed in each flue to retard the 
heat the author has no doubt a much larger evaporation of 
water per lb. of coal could be obtained with the greatest ease. 

Of the many tests made, the water being measured and coal 
carefully weighed, the author here gives some, showing the dif- 
ference of draught, water evaporated and coal used, and the area 
of firebars with a movable dead-plate on the top front of the 
bars. The first test experiment was to ascertain the smallest 
grate area required to produce the necessary steam for the 
anther's works ; the second was made to ascertain the maximum 
quantity of coal to be burned per square foot per hour, whilst 
the tldi-d was ordioary firing. 

No. 1, September 2, 18&i. Test time, 4 hours, with dam- 
per about one-third open and 4 feet 1 inch square of firebars, 
beginning with 40 lb. steam pressure, but losing during the 
four hours 25 lb. pressure, burning SJ ewt, of coal and evapo- 
rating 492 gallons of water, or 123 gallons with 98 lb. of coal 
per hour, equal to 12^ lb, of water per lb. of coal. 

No. 2, September 8, 1884. Time, Sj hours ; 6 feet 8 inches 
square of firebars, damper full open, 49 lb. steam pressure, and 
blowing off all the time by a 1-inch steam-pipe from the boiler, 
besides using steam for factory use, firiug about every half 
hour, with 1 cwt. of coal, 7 ewt, in all used, evaporating 605 
gallons of water or 173 gallons with 2 cwt. of coal per hour, or 
nearly 7j lb. of water evaporated per lb. of coal. In the first 
hour the coal consumed per square foot of firebars was 41 lb., 
but afterwards the bars got foul and the average was 33J lb, of 
coal per square foot of firebars. 

No. 3, September 29. Time, 4 hours ; test made with 4 feet 
S inches square of firebars, damper not quite half open, steam 
pressure 45 lb., afterwards went up to 50 lb., steam blowing off 

o ?. 
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evaporating 45L gallons of water and burning 3 cwt. of coal, 
or 112| gallons of water with 84 lb. of coal per hour, giving 
133 lb. of water per lb, of coal. It should be remarked that the 
boiler has notjvery high steam-space, and will prime a little 
when worked at a high pressure. 

The first and second trials afford a striking illustration of 
the waste going on with a forced draught. In the first instance 
the damper was only about one-third open, aod the heat pro- 
duced must have been as great from the small quantity of coal 
supplied as from the larger quantity of coals forced into the 
furnace with the damper quite open and a stronger draught. 
If the latter had produced a greater heat, then a larger 
quantity of water ought to have been evaporated per pound of 
coal ; and it stands to reason that in the first instance the flame 
had more time to perfectly develop itself Another important 
point is that there was time for the heat to penetrate the metal 
for forming steam, the quantity of which must have been con- 
siderable, whilst in the second trial more than double the 
quantity of fuel evaporated only 40 per cent, more water, 
tnerefore 37 per cent, of the entire supply of coal mast have 
been lost, or the heat produced by it carried away into the 
chimney. This furnace proves that it is not that a great quan- 
tity of solid or gaseous fuel is requisite to produce a high de- 
gree of heat, but that it depends entirely on the proportion or 
volume of gases and the guiaance of such gases, wnich produce 
a force tending to their perfect combination. 

At the meeting of the Iron and Steel Institute at Chester, 
in September last, Mr. Frederick Siemens read a paper on re- 
generative gaa furnaces, in which be stated that hitherto it had 
always been considered that the first condition of furnace work- 
ing was to make the space to be heated as small as possible, 
and to bring the flame into intimate contact with the lining and 
with the material under treatment, but he had satisfied himself 
that in such gas furnaces the flame should only radiate over the 
material to be melted, and should not come into actual contact 
with it. Further on he observes, that it must be borne in mind 
that in a gas furnace the amount of fuel used does not depend 
so much on the intensity as upon the quantity of heat required, 
whereas in solid-fuel furnaces large quantities of fuel must be 
consumed to obtain a high temperature. Again, he observes 
that the actual flame is not allowed to come in contact with 
the material, the interruption of combustion by the interposi- 
tion of solid bodies always tending to injure them, and he 
thinks the new system propounded by him will bo applicable to 
boilers, and will produce a great saving, Mr. I. Lowthian Bell 
doubted a saving of 25 per cent. The important points in this 
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paper in regard to boilers are tliat the flame from the solid fuel 
is not to come in contact with bodies, and that a large quantity 
of solid fuel is required to produce a great beat. Tne firat 
point could only be carried out with anthracite coal or coke, as 
the apace for the flame of bituminous coal would be too great or 
high for the present arrangement of steam-boilers ; and as to 
the second point, the author haa proved by his system that it 
does not require a large quantity of solid fuel to produce a 
great heat. Moreover, the transparent flame does not mean the 
development of combustion in the flame, but demonstrates the 
highest perfection of combustion at present known. Therefore 
this ilame can afford to impart heat to solid bodies without 
deteriorating the remaining flame. 

Another important point occurs in Mr, Siemens' reply to the 
discussion which took place upon liis paper. He stated that, 
under ordinary conditions, imperfect comoustion took place in 
the immediate neighbourhood of the boiler surface, owing to 
the local cooling of the gases, and that the result waa the for- 
mation of a smoky layer, which diminished the effect of radiant 
heat He stated, however, that on the whole he considered 
that the electric theory explained what took place. According 
to this theory, flame was nothing but a series of electrical dis- 
charges, very minute but very numerous. According to the 
motion theory, the introduction of a solid body into the flame 
limited the motion of the particles, and so caused decrease 
of temperature and incomplete combustion. 

What this electric theory may be the author does not know, 
but according to science, sound, flame, light, and electricity are 
all caused by vibration or waves ; and Dj-. Tyndall, in speaking 
of sonnd-wavea, has said that the molecules bombard the walU 
or solids and are repelled. Well, then, if a part of a sonnd-wave 
strikes against a woollen fabric, and another part of the same 
sound-wave strikes against a pine lining or a steel plate, the 
result is that in the first instance the aound-wave Ls absorbed 
and certainly not repelled, whereas the other part of the wave 
is repelled as many times as the note contains vibrations. It 
is therefore the author's opinion that the vibration of the 
flame is communicated to the boiler-plate, or to any other sub- 
stance, and that such part of a flame is absorbed, leaving only a 
alight degree of heat behind, but the other part of the flame 
has the same vibration or heat as before. Still this remaining 
flame may be absorbed by degrees in its passage, and leave 
very little heat behind. This would account for the smoky 
layer of which Mr. Siemens speaks. It is well known that 
almost every flame will produce invisible vajMur, and if the 
heat is withdrawn from such vapour, then the vapour will con- 
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denee and become visible, and float on the top, and certainly 
prevent the flame doing its duty to tlie boiler in Home degree. 
Still, if Mr, Siemens' statement that the radiating heat from a 
flame ia so much greater than the flame itself be correct, then 
the estimated heat produced from coal must be utterly wrong. 

The author thinks there can be no more strilting proof of thu 
correctness of his theory than the fact that the flame produced 
in his furnace, and the heat arising therefrom, do their full 
work, leaving onlv a minimum of heat behind. It is of course 
a natural result that the more complete the combustion of I'uel, 
so much greater the heat of the flame must be, and it stands to 
reason that the greater heat will more easily penetrate the 
metal and be absorbed by the water within. This will go on 
until all the flame is so absorbed as to leave very little uncon- 
sumed gases behind, except some condensed vapour. This is 
proved in the long flue towards the chimney, wnere the heat 
has generally been from 290° to 300° Fahr, in all other tests op 
trials. But in the author's furnace there is no more than 
200° Fahr, of heat at 1 foot from the damper, and half a degree 
less at 20 feet distance from the damper in the flue. 

Two testa have been made with this furnace by independent 
engineers, one by Mr. D. K, Clark, and the other by Mr. W 
Scnonheyder. Mr. Clark's test was made on November 10, 
1884, and the following are the leading results as stated in , 
that gentleman's report to the author : — 

RKSuWd OF Test. 

Temperatuie of atmosphere SI" Fahr. 

TVeather N.W. broeie. Fair. 

Daration ofteat 6 tioun 50 minutes. 

Coal conBumed 721*5 lb. 

Coal conaiuned per boDi 105' 6 lb. 

Coal con Bumed pet square loot of firegrate .. .. 21-86 lb. 

Number of firings " 

Average interval betvreen firings ; 

Weight of tiiel per firing Sl'Slb. 

Olinker prodnced Il'B lb. 

Ash produced 25-Qlb. 

Clinktr and asb redd uo 89'51b. 

Clinker and ash per cent, of coal conaumed . . . . 5 ■ 47 per i 

Average pressure maintained in boiler per sq. inch 34'0 lb. 

Temperature of burnt gases in Sue to the cMmney 200° Fahr. 

Average temperature of feed-water 70° Fahi. 

Qnantity of water oinBumed 150-S cubic feet. 

Quantity of water consmned. per hour 22 ' 08 cubic feet- 
Quantity of water consumed per sq. foot of firegrate 4 ■ 57 cubic feet 
Qnantity of water consamed per lb. of coal conHumed 13-02 lb. 
Quantity of water oonsnmed per lb. from and at 

212=FabT. 15-11 lb. 

Quantity of water cansnmed per lb. of oambuBtible 13*78 lb. 
Quantity of water oonstimed per lb. from and at 

212=Paht 15-»81b. 
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Mr, Clark states that the steam proved to be dry, and there 
was no evidence of priming in any way. The broad result here 
is an evaporation ol' 13 ■ 02 lb. of water per poand of coal from a 
temperature of 70° Fahr. The teat was made under conditions 
of slow combustion, only a small proportion of steam being used 
during this trial for driving the machinery in the author's 
works, most of the hands being absent on a holiday. 

Mr. Schonheyder'a test was made on November 20, 1884, and 
the following are the tabulated results given m the report 
made by that gentleman to the author : — 

Besults or Teet. 

Length of test Slionni 25miDuta«. 

Watcf withdravru from tonk 12.857 lb. 

Water withdrawn frain tant per hour 1,531 lb. 

Cool thrawn into ftiraaoe 1,120 1b. 

Coal thrown into furnace per hour 133 lb. 

Mean temperature of feed water 74° Falir. 

Mean pressure of steam (27 lb. t^ 401b.) 351b. per Bq. inoh. 

Mean temperature in back flue (348° to 376°) .. 356° Fohr. 

Mean temperature of atmoaphere 14° Pahr. 

Water per sijusre foot of heating surface per hour 2 ■ 66 lb. 

Coal per square foot of grale per hour 29 ■ 6 lb. 

The evaporation would therefore appear to have been at the 
rate of Y\9(i ~ ^^'^^ '^- "^ water per lb. of coal from 74° 
and at 35 lb. boiler pressure. 

The equivalent evaporation from and at 212° would be 
13 ■ 39 lb. of water per lb. of coal. 

At the conclusion of the test 40 lb. of ashes and clinkers 
were left, equal to barely 4 per cent, of the coal used; 13 lb, of 
cinders were also left, but evidently of small value. 

Thus far the author has quoted Mr. Schiinheyder's own 

words. He will only add that that gentleman's test was made 

under the conditions of quick combustion, that is, when the 

author's factory was in Ml work and the boiler supplying 

Bteam to drive all the machinery. Mr, Schonheyder also states 

in his report that the combination of the furnace arrangements 

assists to cause an intense heat and very perfect combustion, the 

top of the chimney being, as a rule, during his tost quite clear 

of smoke, 

^^^ In his opening remarks the author showed, on the authority 

^H of careful scientific investigators, that pitting and corrosion 

^^M were due to the action of cold air impinging on the boiler 

^^H plates. 

^H As in the author's furnace cold air is carefully excluded from 
^^M direct contact with the boiler, it follows that, the cause being 
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tthe effect is obviated, and that therefore pitting and 
"n cannot occur in boilers properly set and fired upon the 
^ , e-Bame system. 
!b ooncluBion, the author would simply state a well-kDown 
'""* with regard to the bnming of ordinary coal-gas, which will 
■n to maSe the matter clear to any one who may be in doubt 
M to how such hi"h results are obtained in the author's fnrnace 
M compared with onlinary Bystems. Five cubic feet of gas 
baned to an ordinary gas-burner gives out a known and definite 
<|Mi)tily of heat. Five cubic feet of gas homed in a Bnnsen 
banker, in contact with a definite and properly regulated quan- 
tity of atmospheric air, developes a far greater proportion of 
beat. In like manner a pound of coal burned in the ordinary 
w»y will give out a certain amount of heat, but a pound of coal 
burned with the assistance of the blowpipe developes a great 
excess of heet. This simple statement needs no comment from 
the author. It forms the keynote to the successful results of 
the furnace he now has the honour to bring under the notice of 
the Society, 



Mr. J. Head said the principle of heating by radiation, intro- 
duL'ed by Mr. Frederick Siemens, was entirely different from, 
in fact the reverse of, that which had been developed in the 
paper. In the furnace described by Mr. Engert heating by 
contact mi^ht be said to have been carried to the furthest 
TMcticsble limit, and he claimed that result, for he said that in 
«a^ to obtain the best results he considered it necessary to 




it ibe flame as close as possible to the plates of the boiler ; 

"" r Ibe purpose of supplying a theory of combustion under 

L flame was compared to waves of sound whick 

^ their full effect until they came into contact 

Mr. Frederick Siemens had adopted the oppo- 

T that if flame be brought into contact 

ice combustion was impaired. He (Mr. 

1 aa owortunitT of proving the correctness of 

IS when in Wales recently by inspecting the 

___ s Oiwi-Hearth Steel Melting Furnaces, 

^^— ^ of mctil Those furnaces, as was well 

• ^^^^- B 00 hnuces with the flame travers- 

r tbe metallic bath alternately 

^^____ bdt finnace had three doors, 

i^^ ^ ^ niddleL The doors were 

- g ^ haaf at tbe end from which 

' E afa ^ fonace, where the 

solid snbstanccs 

I ms the centre 
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one, and there being at that point a slight contact between 
the flame and the metal, the flame was certainly impaired to 
some extent ; but when the third door was opened through 
which metal had recently been charged into the furnace (there 
being a large ingot mould weighing probably 7 or 8 cwt. 
on which the flame struck) not only was the flame found to 
be impaired, but emoke was produced in abundance. The 
managers of the works not having before examined a furnace 
in that manner were somewhat astonished at the result, which, 
however, proved the correctness of Mr, Frederick Siemens' 
conclusions. In firing furnaces it was found necessary to bring 
the gases and the air supporting combustion together at about 
the same temperature ; if cold gaa and hot air, or hot gas and 
cold air, were brought together bad combustion would ensue, 
but if they combined at approximately the same temperature 
a good combustion free from smoke would be the consequeuce, 
provided that other necessary conditions were attended to. 

Mr, Head exhibited a diagram of a boiler heated according 
to Mr. Siemens' design, which, he said, was not to be fired 
with solid fuel but with gas. The fuel was converted into gas 
in a separate apparatus and brought by a flue to the boiler, 
where it met heated air brought through an adjoining flue. 
The gas and air on meeting would burst into flame, which was 
prevented from coming into contact with the plates of the 
boiler by means of rings inserted in the internal flue of the 
boiler, at both ends and in the middle. Only after the flame 
was exhausted at the end of the internal flue of the boiler were 
the heated gases bronght into contact with the boiler-plates 
while passing through the other flues, and they were also made 
to heat, by conduction through brickwork, flues through which 
the air supporting combustion travelled on its way to meet 
the gas. The result of working a boiler in that manner, 
instead of by contact of flame as formerly, Mr. Siemens had 
found to be a saving of 25 per cent, of fuel, which was due to 
perfect combustion of the gas, the flame not being quenched 
by contact with the comparatively cool boiler-plates. In the 
paper .which had been read he observed the absence of a very 
important data, namely, the analysis of the chimney gases. The 
determination of the" proportion of combustible elements and 
the proportion of free oxygen present in chimney gases was a 
necessary test of efficiency attained in the firing of boilers and 
other furnaces. 

Another drawback to the use of flame in contact with boiler- 
plates was the deterioration of the plates caused thereby. If 
there was any sulphur in the flame it would act injuriously 
upon the plates, probably causing the spots of dark-coloured 
substance referred to in the paper, which were supposed tc^^ 
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^^1 oxide of iron, but which he thought were more likely to be 
^H sulpbide of iron. 

^H As to the electrical theory, as deBcribed by Mr. Siemens at 

^H Chester, that gentlemaD did not claim it aa emanating from 
^H himself. It was necessary, in order to explain the satisfactory 
^H results obtained with the method of heating by radiation, that 
^H some theory of combustion should be adopted, and Mr. Siemens 
^H had selected the electrical theory because that was the one by 
^H which those results could be most readily explained to a 
^H meeting, but they were equally susceptible of explanation by 
^H adopting another theory. As Mr. Engert in his paper had 
^V given an incomplete report of Mr. Siemens" remarks, he (Mr. 
Head) asked to be allowed to read them : they were as fol- 
lows: — "To explain why combustion was interrupted when it 
met with solid substances, and why the solid sulffitances sufTered 

■ 80 much from the action of flame — not from heat — and why 
flame had such a radiative power in its first stage and none in 
its second, it was necessary to have recourse to one of the 
theories of combustion, and he bad adopted the electrical 
theory as having the greatest probability of proving to be the 
true one. According to this theory flame was made up of a 
multitude of small lightning explosions, very minute but very 
numerous, and it was easy to understand why solid bodies if 
brought into such a flame would obstruct its action, they 
having the effect of precipitating the gas by adhesion and 
attraction. Consequently the gases which were considered to 

I revolve were obstructed in their motion, and not being able to 
move, combustion could not continue, at least in those parts 
nearest the opposing surfaces. The result was that there waa 
less intense heat and that smoke was produced instead, en- 
veloping the obstructing surfaces ; and so radiation could not 
fti't hoeause it could not penetrate the cloud of smoke in which 
the flame was enveloped. This lightning action accounted for 
the fact that bodies were so soon destroyed when exposed to 
tho action of flame, while the presence of innumerable electric 
flashes accounted for its radiative power. Flame radiated heat 
bettttr than the solid surface of a furnace, because it radiated 
right through and from all sides, while a solid surface radiated 
t>aly in one direction ; the result was that with the diameter 
doubled the flame radiated four times as much, while the solid 
surface only radiated twice as much heat as before. In the 
)tvou<' there was less chemie-al action. No free carbon 

KW it was only natural that that part of the flame 

^' isess any strong radiative power. The principle 

.■s 'hich he (Mr. Siemens) advocated could be used 

, 'ons in which smoke would otherwise be pro- 

thia way could works he extended without 
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enconntering serioua opproition. It was to be borae in mind 
that flame in its first stage required free space and emitted 
its heat by radiation only, while in the second stage the heat 
was supplied by contact. The new method of beating could 
be almost universally applied and would tend much to do away 
with the smoke nuisance." 

He (Mr. Head) would mention that boiler furnaces had bo far 
not formed part of Mr. Siemens'a work, but the late Sir William 
Siemen>!, and Mr. Frederick Siemens, had done a great deal in 
furnaces of other kinds which consumed more fuel than boiler 
furnaces. They had found heating by radiation to be a great 
improvement, having given them many advantages. 

Mr. W. ScHONHEYDEB Said it appeared to be Mr. Engert's 
opinion that forced combustion must necessarily cause a waste 
in many boilers, and locomotive and torpedo boilers were 
specially referred to as being constructed so as to cause waste 
of fuel on account of the forced combustion. A locomotive 
boiler fer se was about the best boiler we had. With the forced 
combustion combined with the general arrangement, and 
possibly some other action which was not explained, there was 
a very high evaporation in locomotive boilers, taking into 
account the comparatively small amount of surface which there 
was for evaporation. Mr. Webb of the North Western Railway 
had found lOj lb. or more evaporated per pound of coal in 
some of his boilers, reckoning from and at 212°. That was a 
remarkable performance. If there was a low evaporation per 
square foot of beating surface per hour it was a very easy 
matter to get economyj but when the evaporation was quick 
economy was difiScult to obtain. The same remarks applied to 
torpedo boilers, Mr. Eogert said in his paper that only 5 lb. 
or 6 lb. of water were evaporated per pound of coal in torpedo 
boilers. In several torpedo-boat tests of which be (Mr. 
Schonheyder) had notes, 7 lb. or 8 lb. and even 8^ lb. of water 
had been evaporated per pound of coal. The reason why the 
evaporation was low in torpedo boats was that the circumstances 
were such that they must produce an immense amount of steam 
in a small space. The heating surface was therefore small and 
a large amount of heat was lost by the chimney, but taking the 
small surface into account, torpedo boats really beat the 
locomotives in respect of economic evaporation. Mr, Eogert 
had remarked that when coal was burnt by means of ablowpipe 
it gave a much larger amount of heat than when it was burnt 
in the ordinary manner of slow combustion. He thought Mr. 
Engert rather meant that they got a greater intensity of beat 
and not a greater quantity. The tests made by Mr. Engert in 
which he obtained ao evaporation of from 7 to 12 lb. were tests 
of only four hours' duration. He (Mr. Scbon.he^'ie.t\ t.-ad. -oa 
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hesitation in saying that with a lai^ land boiler, having a 
large surface of water, and storing in the brickwork a con- 
siderable amount of heat, a four hoars' test was far too short, in 
fact itwasvalnelesa. It was very difBeuIt to observe the exact 
level of the water to a great nicety, and a small error in that 
respect made a great difference in the results. In the test 
which had been made by Mr, D. S.. Clark, the quality of the 
coal used was not stated, 

Mr. Enoert said the coal was the same as in the other testa. 
Mr. SCHONHEYDEB said that an evaporation of 15-11 lb. of 
water per pound of coal was most diiheult to obtain from and 
at 21^. It must have been a very first-class coal to have 
produced such an evaporation. The highest theoretical evapo- 
rative power known was 15 lb. or 16 lb., and he could not 
understand how such a high result coidd have been obtained in 
the test referred to. The test which he (Mr. Schonheyder) 
carried ont at Mr. Engert's works showed apparently 13| lb. of 
water evaporated per pound of coal. He did everything to 
obtain as accurate a result as possible. But now came an 
unpleasant fact. He took fair average samples of the coal ; but 
those, when subjected to the calorimeter test by Mr. Hartley, 
showed only a total evaporative power of 12 ■ 8 lb. of water from 
and at 212^. He could not account for such a high evapo- 
ration as that shown by his (Mr. Schonheyder's) test at the 
works. Possibly there was some leak in the boiler, or the 
steam might be welter than he supposed. The loss of heat in 
the flues was 356°. That would cause about 10 per cent, 
of loss, and there would be some loss from radiation. These 
t*t) tofctber would give a total loss of, say, one-eighth, so that 
the crc*'**'* possible evaporation under those conditions would 
be « little over 11 lb., and yet there was apparently an evapo- 
ntktn of over 13 lb. As to the Bunsen burner, he believed 
dttt the statement that it gave more heat than an ordinary 
hnacx' had l>^n conclusively contradicted. The great advan- 
|Me of the Bunsen burner was that it produced more perfect 
^^Mtion. <u»*l smoke was avoided. He must say that the 
^^Lh^WU ^- Engert's furnace was very perfect, and there 
^^kM«^R«s>v>3 for it. The funuace was surrounded on three 
^kl^Wwkvvvk, and the doors were arranged in such a way 
yif jJ. ^- »*j bn.«ii;ht into immediate contact with the fnel 
****?]' The arraii!;^ment in that respect was similar 

^'X./j made in the Argand gas-burner by Sugg 

tV^J^L- kkers. Hardly any smoke was to be seen 

?*_J*^ (rf the chimney. He did not agree with 

"^"J? Uwt it was necessary to avoid bringing 

Mt H« -i»h the boiler. He did not think that, 

tketta ^ 
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if combustion had been ouee perfectly effected, any loss could 
result from the flame coming into contaRt with the boiler. With 
reference to Mr. Siemen's furnace, he should imagine that the 
bottom flue would in time become coated with dusty matter, 
and that transmission of heat would be thereby prevented. 
With reference to Mr. Head's statement, that the efficiency of 
a furnace might be reduced a quarter or a half by want of 
attention in stoking, he (Mr. Schonlieyder) thought that in such a 
case as that the stoking must be very poor indeed. If anythiog 
like a quarter or a half was lost through bad or intermittent 
stoking, they would never be able to obtain so high a duty as 
78 per cent> of the total calorific power of the fuel. 

Mr. Head, in reply to Mr, Schonheyder's suggestion as to 
the flue in Mr. Siemens' boiler being coated with dusty matter, 
eaid there was no dust arising from the combustion of gaseous 
fuel. All the dust, or ash, of the coal remained in the gas 
producers, from which it was easily removed while continuing 
to supply gas for heating either furnaces or boilers. With 
reference to his previous remarks as to efficiency of a furnace 
being reduced by want of attention in stoking, he said he 
had referred to Kankin on that subject, and it was from 
that authority he gathered that the loss due to bad stoking 
varied from a haK to a quarter of the calorific value of the fuel 
employed. 

Mr. F. W. Hartlbv said that he tested the coal to which 
Mr. Schonheyder had alluded by means of the Thompson 
calorimeter, an instrument with which he had worked very 
much, and with which he had hitherto obtained most satisfactory 
results. Careful experiments proved that the highest result 
which could be got from the sample of coal delivered to him by 
Mr. Schonheyder was equal to 12'8 lb, evaporative power. 
There were difficulties in the way of burning certain sorts of 
coal in the calorimeter. Very hard coals and very soft coals 
were somewhat troublesome, but under certain conditions which 
could be known only by experience with the instrument, fair 
and proper indications were realisable. The most difficult 
material was cuke, but it could be burned. He had frequently 
found, however, that the actual duty realised from ordinary gas 
coke was equal to the calorific power indicated by the instru- 
ment. It was impoBsible for him to believe, after the many 
years of experience he had had with the Thompson instrument, 
tbat its indication in the present instance was wrong, or that he 
ahoald have been in error in making the tests. So much 
confidence existed in the instrument, that in Wales and In the 
north of England and in Italy it was widely used. In fact in 
Italy the railways founded the price to be paid for coal entirely 
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upon the indications afforded by the calorimeter. In 
pamphlet relatiug to Thonipson's calorimeter it was stated 
among some general observations that the lower the temperature 
of the water employed, the higher were the results indicated. 
When he was testing the coal for Mr. Schonheyder, he had 
the water at a temperature of about 54°, which was an ex- 
ceedingly favourable temperature. It was further stated that 
a difference between the temperature of the water and the 
temperature of the air might cause an error in the indications. 
An error to the extent of i° Fahr,, which waa equivalent to 
J lb. of coal, might be occasioned by a difference of 10"^ Fahr. 
In practice, however, it was usual to make a preliminary teat, 
then to start with the fresh charges of water at as many degrees 
below the temperature of the air aa the water was likely to be 
raised above the air temperature. He could not pretend to 
dispute the accuracy of Mr. Bchonheyder'a test, bnt it was cer- 
tainly peculiar that such discordance should exist between the ex- 
perimental and the working determinations. Possibly after all 
care in selecting, the sample rendered to him (Mr. Hartley) was 
not of the fair average quality. 

Mr. ScHoNHETDEK explained the means adopted by him in 
order to secure fair samples of the coal actually employed in 
stoking to send to Mr. Hartley, 

Mr. Perry F, Ndrset said it appeared that the meeting 
had before it something of a puzzle on the present occasion. 
They had had described to them a boiler and furnace which 
had been carefully tested by two independent engineers, 
and which gave abnormally high evaporative results. Mr. 
Hartley had tested the fuel by means of an apparatus which had 
hitherto given satisfactory results, which results coincided with 
ordinary steam-boiler practice, but which in the present instance 
did not agree with the results of the tests made by Mr. Schon- 
heyder and Mr. Clark. It should be remembered that in Mr. 
Engert's boiler coal was being used under a new set of conditions, 
and it had occurred to him (Mr. Nursey) that the coal was 
giving higher evaporative results than were ordinarily obtained 
simply on account of the altered conditions under which it was 
burned. It therefore became a question for Mr. Hartley and 
others to consider whether it waa not time that there should be 
some alteration made, leading to an advanced method of testing 
coal, in order that the results might possibly be made to agree 
with the advanced practice which appeared to be successfully 
embodied in the furnace before the meeting. Mr. Engert had 
placed a new problem before them, and he (Mr. Nursey) con- 
sidered it to be a very ingenious problem. He had inspected 
Mr. Engert's furnace, and certainly he had never seen a better 
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flame or one more nearly indicating perfect combnstion. The 
results which he witneBSed were certainly very remarkable. 
It was before the meeting that both Mr. Clark and Mr. 
Schonheyder had reported very high evaporative results, and 
although the latter gentleman questioned liis own figures, he 
could only do ro upon the hypothesis that a secret leak had 
escaped his vigilant eye, or that the steam was not so dry as he 
thought it to be when testing the boiler. 

Mr. H, Olrick said that the question of the production of 
smoke suggested by Mr. Head appeared to be at variance 
with the accepted theory of what smoke really was, and, as 
Mr, Schonheyder had pointed out, it was difficult to understand 
that if perfect combustion had been obtained, that the gases 
could produce smoke by simply impinging on the plates of a 
boiler. With regard to Mr. Engert'a boiler, he thought the 
evidence went to show that the duty obtained from the com- 
bnstion of the coal was simply impossible, and the only ex- 
Elanation was, that there must have been some leakage in the 
oiler or some cock left open. Looking at tlie construction of 
the boiler, and making due allowance for the fact that the coal 
was burned in the beat possible manner, namely, with a fire- 
brick casing around it, he could not see that any other boiler, 
working under the same advantageous circumstances, would not 
give as good results as Mr. Eiigert's boiler. The test mEide 
by Mr. D. K. Clark was more astounding than that made by 
Mr. Schonheyder, as it showed a duty greatly in excess of the 
theoretical value of the coal, 

Mr. Charles Gandon said he agreed to a very great extent 
with Mr. Olrick. He was certainly at a loss to understand 
what there was in the construction of the Engert furnace which 
would produce such good results. The furnace gave rapid com- 
bustion and a quick drauglit, and ao far as his experience went 
those conditions were antagonistic to the obtaining of good 
results from the amount of fuel consumed. He had always been 
under the impression that the best way to get the greatest work 
out of fuel was to keep the products of combustion the longest 
time possible in contact witn the surfaces to be heated. Mr. 
Engert's furnace was certainly well described by the title of a 
blowpipe-flame furnace. A blowpipe gave very high results 
as regarded intensity, but they could not obtain the greatest . 
amonot of heat from it. There might be something in the 
setting of the furnace to account for the high results. When 
furnaces were being experimentally tested, a great deal of at- 
tention was paid to the putting on of the fuel and to the work- 
ing of the dampers, and the high results claimed for the Engert 
furnace might oe partly due to that circumstance. 
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Mr. W. Wood asked from what part of the boiler Bteam was 
taben, as that was an important point. 

Mr. Engebt, in reply, said that Mr. Head had been to some 
extent answered by Mr. Schooheyder, He (Mr. Engert) was quite 
of the opinion that the flame, once completely formed, could 
not be reduced in any way, or it would be absorbed and cease 
altogether. The evaporative efficiency of his boiler seemed to 
puzzle many of the speakers. He could only say that he had 
the more intense heat of a blowpipe to deal with. Steam was 
taken from the top of the boiler, but not by an antiprimiug 
pipe. The boiler was fired underneath, and he found that 
when the air was properly guided from below by a sloping sur- 
face, combustion was much more perfect than with a horizontal 
surface and sharp angles. Every engineer tried to diminish 
the firegrate surface and to increase the heating surface, and 
to have a bettor and thicker fire on the grate. His boiler had 
been set about eight years ago and no alteration had been 
made iu it ; but in August last it was thoroughly examined by 
the Boiler Insurance Company and there was no leakage what- 
ever found in it. A very small leakage had occurred in the 
front seam, but it was so small that it could do no harm, and it 
had been caulked, Mr. Schonheyder spent a whole day in care- 
fully examining the boiler and everything about the place, and 
he had no doubt satisfled himself that there was no deception 
in the matter. Any one else was at liberty to examine into it 
for themselves. 

The President said that the boiler which Mr. Engert had 
brought under the notice of the meeting was one where a large 
furnace had been reduced in area and t!ie rate of combustion 
accelerated, so that the temperature of combustion was increased 
and a comparatively enlarged heating surface secured. That 
condition raised the problem of quick, as against slow, combus- 
tion, and so rather complicated the consideration of such pecu- 
liar merits as Mr. Engert's furnace might possess. In refer- 
ence to Mr. Schonheyder's remarks about locomotives, he (the 
President) had recently seen a new locomotive in America, which 
was being built for alow combustion, having a iiimace 8 feet 
wide. The subject of boilers and the evaporative power of coal 
was one which was in a state of progress at the present time, 
and he could not help feeling that in the course of a few years 
they would have some results which were unexpected, and tliat 
enjr would eventually produce new systems and much 

bi Ita than they had at present. 
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